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Summary 
The present thesis entitled ''Phytochemical and Pharmacological Investigation of 
Medicinal Plants and Synthesis of Some Selected Molecules" is divided into five 
chapters. The chapter ..first includes a critical review of the plant chemistry of natural 
products with special reference to flavonoids and coumarins and highlights the 
recent advances in the analytical techniques applied for the isolation of natural 
products and their structure elucidation. 
The chapter second and third comprise with the isolation and identification 
of naturally occurring compounds from the following two indigenous medicinally 
important plants. Overall thirteen constituents have been isolated, out of which three 
are being reported for the first time. Their structures have been established by 
chemical and physical data (IR, ' H N M R , '^C N M R , U V and MS spectra). 
A. Ficiis lyrata (Moraceae) 
B. Saussurea sacra (Compositae) 
Chapter Second: Chemical Constituents from the leaves ofFicus lyrata 
Following eight compounds have been isolated and characterized from Ficiis 
lyrata. 
Fl-1 : Ursolic acid 
M. F. C30H48O3 
M. P. 270-3°C 
M. W. 456 
30 
COOH 
28 
24 23 
(I) 
Summary 
Crystallized from chloroform-methanol as colourless crystals. 
Structural elucidation is based on spectral studies, IR, UV, ' H N M R , and MS. 
Fl-2 : 2, 3,4 triliydroxy acetophenone O 
M. F. C8H8O4 
M. P. 202-03T 
M.W. 168 
Crystallized from benzene-chloroform as white shining crystals. 
Structural has been estabilished on the basis of spectral studies, IR, UV, 'H NMR, 
and MS. 
Fl-3 :2, 6-dimethoxy-4-liydroxy 
aceto- phenone 
M. F. C,oHi204 
M. P. 77-78X 
M.W. 196 
CH3O 
Crystallized from benzene-acetone as white shining crystals and has been 
characterized with the help of spectral studies, IR, UV, ' H NMR and MS. 
,OMe Fl-4 : 3, 7, 3% 5'-tetramethoxy flavone 
(new compound) 
M.F. C,9H,806 
M. P. 144-45'^ C 
M. W. 342 
MeO 
OMe OMe 
Summary 
Crystallized from chloroform-methanol as yellow crystals. 
Structural elucidation is based on modem spectral techniques i.e. IR, UV, H NMR, 
' H - ' H Cosy, HSQC, '^ C NMR and MS. 
FI-5 : 5, 7 dUtydroxy 6, 4' 
dimethoxy flavone 
(Irisolidone) 
M.F. C,7H,406 
M. P. 192-93T 
CH3O 
OCH3 
Crystallized from methanol as light yellow shining needles. 
Its structure has been elucidated on the basis of spectral studies, IR, UV and H 
NMR. 
FI-6 : 6- metliyl-8- hydroxyl 
coumarin- 3(prop-2-en-l-oic 
acid) 
(new compound) 
CH COOH 
M.F. CBHIOOS 
M. P. >290''C 
M. W. 246 
(VI) 
Crystallized from chloroform-methanol as white crystalline solid. 
Structural elucidation is based on spectral studies, IR, UV, ' H NMR and MS. 
Fl-7 : Dihydrokaempferol 
M.F. C,5H,206 
M. R 228-231°C 
OH 
OH 
OH O 
(VII) 
Crystallized from chloroform-methanol as yellow crystals. 
Structural elucidation is done on spectral studies, IR, UV, ' H NMR. 
Summary 
FI-8: Apigenin 7-0-neohespendoside 
MOH 
M.F. CivHsoOn 
M. P. 196-97'^ C ^ ^ 
H3C-
[ 0 ^ 
4 
3 
/ 3 
HO 
nO' 
•~j2 
OH 
(VIII) 
Crystallized from methanol as yellow needle shaped crystals. 
Acetylated with Ac20/pyridine (mild)-octacetate 
M. P. 215-16°C 
Structural elucidation is based on spectral studies, IR, UV, ' H N M R and MS. 
Chapter Third: Chemical Constituents from the flowers of Saussurea sacra 
(Compositae) 
Following five compounds have been isolated from the flowers of Saussurea 
sacra. 
Ss-1 : p-hydroxy acetopltenone 
M.F. C8H8O2 
M. P. 107-110°C 
M.W. 136 
O 
C—CH3 
OH 
(I) 
Crystallized from benzene- chloroform as white crystals. 
Structural elucidation is based on the basis of spectral studies, IR, UV, ' H NMR and 
MS. 
Summary 
Ss-2 : 3-methoxy kaempferol 
M.F. C,6H,206 
M. P. 280-82°C 
OH 0 
M. W. 300 (11) 
Crystallized from methanol as yellow crystals. 
Its structure has been elucidated with the help of spectral studies, IR, UV, H NMR 
and MS. 
Ss-3 : Acacetin- 7- O neohesperidoside 
M.F. C28H320,4 
M. p. 266-268°C 
Acetylated with 
AcjO/pyridine-heptaacetate; 
M.P. 216-220°C 
Crystallized from methanol-ethyl acetate as light yellow crystals. 
Structural elucidation is based on spectral studies, IR, UV, ' H NMR and MS. 
Ss-4 : Quercetin 3-0-arabinoside 
M.F. CaoH.sOii HO 
M.P. 258°C 
Acetylated with Ac20/pyridine-
heptaacetate; M.P. 302-303'^ C 
-OCH3 
Crystallized from methanol as yellow needles. 
Structural elucidation is carried out on the basis of spectral studies, IR, UV. 'H 
NMR and MS. 
Summary 
Ss-5: kaempferol-3-O-a-L- rhamnopyranoside-4'-0-p-glucopyranoside 
(new compound) 
M . F . C27H30O15 
M. P. 343-44"C 
CH2OH 
OH 
Acetylated with Ac20/pyridine-
nonoacetate; M.P. 95-97°C. 
Crystallized from chloroform-methanol as yellow granular crystals. 
Structural elucidation is based on spectral studies, IR, UV, ' H N M R and MS. 
Chapter four: Chapter four deals with the synthesis of some simple compounds by 
some active methylene compounds such as ethyl acetoacetate, diethyl malonate, 
dimedone with phenylisothiocyanate and phenylisocyanate with or without the use 
of phase transfer catalyst CTAB. Their structures have been established by chemical 
and physical data (IR, ' H NMR, '^ C NMR, UV and MS spectra) and in some cases 
the structure is supported by X-ray crystallography. 
Reaction of ethylacetoacetate (XCIII) and phenylisothiocyanate in molar ratio 
1:1 with phase transfer catalyst CTAB in benzene: 
O O 
o 
(XCIII) 
iPh N = C = S 
ii CTAB 
iii NajCOj \ / 
SH O 
I II 
-N=C—C—C-OC2H5 
II 
H S — C - N — < 
H 
(XCIV) 
\ / 
Summary 
Reaction of ethylacetoacetate (XCIII) and phenylisothiocyanate in moiar ratio 
1:2 with phase transfer catalyst CTAB in benzene: 
S 
H—N—C—OC2H5 
iPh N=C==^S 
o 
o o 
(XCIII) 
ii CTAB 
iii Na2C03 
XCIV + 
(XCV) 
Reaction of ethylacetoacetat'i (XCIII) and phenylisothiocyanate in molar ratio 
1:4 with phase transfer catalyst CTAB in benzene: 
S 
o o 
o^  
(XCIII) 
iPh N = 0 = S ? 
Fh 
NH 
ii CTAB 
iii Na2C03 
iv. 18 hours 
-*- (XCIV) + Ph—N=C—C—C—OC2H5 i H C O + 
(XCVI) 
CH. 
P h - N ^ ^ — S 
Ph-HN—C- ^^=0 
S C = S 
I 
NH-Ph 
(xc vai) 
Ph—N-
OC2H5 
x=o 
+ 
s. •NH-Ph 
(XCVIII) 
The compound (XCVIII) is supported by X-ray crystallography. 
Summary 
Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
S 
II 
H — N—C—CH2COOC2H5 
iPh N = 0 = S 
O 0 
o ii CTAB 
o o 
111 THF 
(XCIX) 
Reaction of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
O 
II 
H — N—C—CH2COOC2H5 
iPh N = C = 0 
>-
O' \ ii THF 
(C) 
Reaction of diethyl malonate (CI) and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
O 
H — N—C—CH2COOC2H5 
CH3CH2, 
O O 
0 ^ ^ O ii.NajCOj 
(CI) Reflux (C) 
Summaiy 
Reaction of diethyl malonate (CI) and phenylisothiocyanate in molar ratio 1:1 
in tetrahydrofuran (THF): 
o o 
CH3CH2^ A A CH2CH3 + p h — N = C = S ' '^"^ > P h — N — C -
o \ / o 
H 0 C - N H - P h 
I 
ii, NajCOj 
Reflux 
(CI) O 
/ N ^ P h 
(CII) 
O H S 
I C H , C H , — O — C - C - C — N H — P h 13^^02 
S = C - N H - P h 
(CIII) 
Reaction of ethvlacetoacetate and phenylisocyanate in molar ratio 1:1 with 
phase transfer catalyst CTAB in benzene: 
0 0 OH 
i n u v T /-I r\ I 
-^ CH,—C=C—COOH 
^ I 
0 = C - N H - P h 
(CIV) 
i P h — N = C = 0 
ii CTAB 
iii Na2C03 
Reaction of dimedone (CV) and phenylisocyanate in molar ratio 1:1 in 
Tetrahydrofuran: 
O 
+ P h — N = C = 0 
'O 
i. THF 
ii. NajCOj 
iii. Reflux 
o 
o 
OH 
N H - P h 
(CV) (CVI) 
Summary 
Reaction of dimedone (CV) and phenyliscthiocyanate in n'olar ratio 1:1 in 
Tetrahydrofuran: 
O 
+ P h — N = C = S 
i. THF 
ii. NazCOj 
iii. Reflux 
N H - P h 
(CV) (CVII) 
Chapter fiV'^ : Chapter five deals with the follov.dng pharmacological activities. 
A. Antinocicepti 'e activity of alcoholic and aqueous extracts of Ficus lyrata and 
Saussurea sacra. 
B. Open Field Behaviour of alcoholic and aqueous extracts of Ficus lyrata. 
C. Antibacterial and antiviral aca^dty of alcoholic and aqueous extracts of Ficus 
lyrata, Saussurea sacra and some s^mthetic compcun^s. 
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CAapter-I 
Introduction 
n^fieoreticaC 
Ctiapter-1 
The use of plants as medicines goes back to early man. Certainly the great 
civilizations of the ancient Chinese, Indians and North Africans provided written 
evidence of man's ingenuity in utilizing plants for the treatment of wide variety of 
diseases.'^  Contacts with Greece and Rome and later with Arabia and Persia 
contributed to the enrichment of the Indian material medica and a large number of 
vegetables and other products came into use for the treatment of diseases.' Every 
year a very large number of natural products are screened for their chemical, 
therapeutic, biological and industrial potentials. In addition to their medical actions 
natural products are used by taxonomists for phytogenetic studies. 
It is mainly during the last 100 years that some of the active ingredients 
present in herbal prescriptions have been isolated and introduced into 'modem' 
medicine. The Middle Eastern civilization developed the Greco-Arabic system of 
medicine (Unani system of medicine) which is practiced in the Indian subcontinent. 
Similarly, the Chinese race developed the Chinese system of medicine largely based 
on its unique system of theories including the concept of Yen and theory of 
influence imparted from nature. All these systems procured more than 80% of tlieir 
medicaments from plants. 'Chang-Shan', a Chinese drug has, it is said, proved to be 
an antimalarial more or less of the same potency as quinine. The fruits of Ammi 
majus Liim have long been used by the Egyptians for the treatment of leucoderma. 
Rutin, a glycoside, originally derived from Ruta graveolens Linn., also present in 
many species of plants like wheat, tobacco is now being increasingly employed in 
the treatment of capillary fragility. Artemisin obtained from the flowering tops of the 
Artemisia annua (a Chinese plant) is effective against strains of Plasmodium 
falsiparum. It is useful for treating cerebral malaria.^  TaxoP is proving to be a life 
saving drug against the cancer ailment of breast and ovary. 
The flavonoids one of the most numerous and widespread groups of the 
naturally occurring constituents are important to mankind not only because they 
contribute to the plant color but also because many members (e.g. coumestrol, 
phloridin, rotenone) are physiologically active.'' 4 
The structure and featiires of flavonoids considered to be of importance in 
biological fimctions are (i) presence of an extended conjugated resonating system 
with a carbonyl chromophore. (ii) presence of aromatic hydroxyl group which lead 
1 
CHapter-I 
to ability of flavonoids to interact with certain enzyme systems and (iii) the 
molecular shape which is responsible for their physiological activity due to 
similarity in structure to the animals hormones.^  
It is not surprising that claims have been made that flavonoids may 
contribute to or be effecting combating certain type of cancer.^  Numerous other 
physiological and biological activities have been attributed to them. " Flavonoid can 
act as antispasmolytic agent by relaxing smooth muscles in various parts of the 
mammalian body, Quercetin 3-glucoside and rutin induced a concentration depend 
inhibition of the spontaneous contractions of rat ileum.'" 
Flavonoids may also exhibit usefiil antibacterial activity. Several flavonoids 
have been shown to have potential as hepatoprotective agents' such as 
dihydrokaempferol 3-rhamnoside and 5, 7, 3, 5 tetrahydroxy flavonol 3-rhamnoside 
showed some hepatoprotective activity.'' 
A recent survey of literature showed that the flavonoid field is still very 
important to chemists and their interest is increasing in screening the new flavonoids 
and their physiological activities.'^ " '^ A large number of naturally occurring new and 
novel flavonoids are added to literature every year. Few of recently isolated 
flavonoids are listed for the ready references to the studies reported in the thesis. 
1. Flavones: 
Rakesh Maurya et al}^ have isolated 4, 7-dihydroxy-3-methylflavone (I) 
from Boeerhavia diffusa. 
(I) 
chapter-I 
2. Flavone C and O Glycosides: 
N.H. El-Sayed et al}^ have isolated two new flavone glycosides, identified 
(I 
as 8-hydroxyisoscoparin (II) and Luteolin 7-0-glucoside 4 - sulfate (III) from 
Washingtoniafilifera. 
OMe 
(11) 
HO O 
"O3SO OH O 
OH 
OH 
(III) 
3. Prenylated flavones: 
Ah-Reum Han et a/. ^ "^  have isolated two new prenylated flavones, identified 
as (-) cycloartocarpin (IV) and (-)-Cudraflavone A (V) from the heartwood of 
Artocarpus communis. 
chapter-1 
OH O 
(V) 
4. Furano flavone: 
Kittisak Likhitwitayawuid et al. have isolated a new furano flavone named 
as 3, 5 -dimethoxy-[2 , 3: 7, 8]-furanoflavone (VI) from Millettia erythrocalyx. 
OMe 
OMe 
(VI) 
5. Flavanone: 
Nimmanapalli P. Reddy et a/. ^ ^ have isolated a new flavanone identified as 
(2S)- 5, 7, 3, 4 tetramethoxyflavanone (VII) from the whole plant of Limnophila 
indica. 
MeO. 
^ ^ ^ ^ ^ ^ M e 
\^^^^^^^^^0M( 
OMe O 
(VII) 
chapter-1 
Geranylated flavanone: 
Lalith Layasinghe et al}^ have isolated a new geranylated flavanone 
identified as 3-Geranyl-4, 5, 7 trihydroxy flavanone (VIII) from the fruits of 
Artocarpus nobilis. 
HO O 
Geranyl 
OH 
(VIII) 
Prenylated flavanone: 
Abiy Yenesew et al}^ have isolated a new prenylated flavanone identified as 
4, 7-dihydroxy-3 -methoxy-5 -prenyl flavanone (IX) from the ethyl acetate extract of 
the stem bark of Eiyt/trina abyssinica. 
OMe 
(IX) 
8. Isoflavone: 
r29 Manor M. Salem et al. have isolated a new isoflavone identified as 5, 7, 3, 
4-tetrahydroxy-2'- (3, 3-dimethylallyl) isoflavone (X) from Psorothamnus 
arborescens. 
OH O 
Chapter-I 
(X) 
9. Isoflavone glycoside: 
S. Singh et al?^ have reported a new isoflavone glycoside Echinosode (XI) 
from the whole plant ofEchinops echinatus. 
(XI) 
10. Isoflavanone: 
M. Mukhlesur Rahman et al?^ have reported a new isoflavanone 4 5-
dihydroxy-2, 3 dimethoxy-7- (5-hydroxy chromen-7 yl)-isoflavanone (XII) from the 
roots of Urariapicta. 
CAapter-1 
OH 0 2, 
MeO ^ ' 'OH 
OMe 
(XII) 
11. C- methylated and C- prenylated isoflavanones: 
S. M. Guchu et al}^ have isolated two isoflavanones identified as 5,7-
dihydroxy- 2, 3, 4-trimethoxy-6- (3- methylbut-2-enyl) isoflavanone (XIII) and 5, 
4-dihydroxy 7, 2-dimethoxy- 6- methyl isoflavanone (XIV) from the CH2CI2 root 
extract of Desmodium uncinatum. 
OH O 
(XIII) Ri=OH, R2= Prenyl, R3= OMe, R4=0Me 
(XIV) Ri=Me, R2= Me, R3= H, R4=0H 
12. Homoisoflavanone: 
r33 Silvia N. Lopez et al. have isolated a new homoisoflavanone 5, 7-
dihydroxy- 6- methoxy-3 (9-hydroxyl- phenylmethyl)-chroman-4-one (XV) from 
dry leaves of Polygonum ferrugineum. 
C/iapter-1 
CH3O 
OH O 
(XV) 
13. Isoflavanone-O- Glycoside: 
Ming Zhao et al}^ have isolated four new isoflavanone glycosides 5, 7 
dihydroxy-2-methoxy-3, 4-methylenedioxy isoflavanone 7-0-P glucopyranoside 
(XVI), 5, 7 dihydroxy-2, 3, 4-trimethoxy isoflavanone 7-0-P glucopyranoside 
(XVII), 5, 7 dihydroxy-2, 4-dimethoxy isoflavanone 7-0-P glucopyranoside 
(XVIII) and 5, 7, 4 trihydroxy-2, 3-dimethoxy isoflavanone 7-0-P glucopyranoside 
(XIX) from the aerial parts of Desmodium styracifolium. 
(XVI) 
(XVII) Ri=0Me R2=OMe R3= OMe 
(XVIII) Ri=OMe R2=H R3= OMe 
(XIX) R,= OMe R3=0Me R3=0H 
chapter-1 
14. Biflavone: 
Mohamed Ali Mahjoub et al?^ have isolated a new biflavone, identified as 
Masazinoflavone (XX) from Rhus tripartium. 
15. Flavonol: 
O OH 
(XX) 
•3£ 
Maria A. Ponce et al. have isolated a flavonol named as 3, 5, 6, 7, 8 
pentahydroxy-4 - methoxy flavone (XXI) from Brassica alba. 
OCH3 
OH O 
(XXI) 
Cdapter-I 
16. Flavonol glycoside: 
N. Wang et alr'^ have reported a new kaempferol glycoside named as 
kaempferol-3-0-P-D-glucopyranoside-7-0-a-L-arabinofuranoside (XXII) from the 
ethanol extract oiPyrrasiapentiolosa. 
^H^OH 
17. Dihydro flavonol: 
(XXII) 
Angelyne Benavides et al?^ have isolated a new dihydroflavonol identified 
as (2R, 3R) -2, 3-trans-7, 4-dimethoxy dihydroflavonol (XXIII) from the roots of 
Gynerium sagittalum. 
OCH^ 
(XXIII) 
10 
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18. Coumarins: 
Y-H. Shen et al.^^ have reported two new coumarins, identified as 7-
hydroxy-6-methoxy-3, 8-bis (3-methyl-2-butenyl) coumarin (XXIV) and 7-hydroxy-
6-methoxy-3- (3-methyl-2-butenyl) coumarin (XXV) from the leaves and stems of 
Coriaria nepalensis. 
CH3O 
(XXIV) 
(XXV) 
19. Bis coumarins: 
Jian Liu et al.*^ have isolated three rare biscoimiarins, 7, 7-dihydroxy-6, 6-
dimethoxy-3, 3-biscoumarin (XXVI), 7, 7-dihydroxy-6, 6-dimethoxy-8, 8-bis 
coumarin (XXVII) and 7-0 [4-0- (3 , 4 dihydroxy cirmamyl)-P-D-glucopyranosyl]-
6-methoxy coumarin (XXVIII) fi-om the roots of Erycibe obtusifolia. 
OCH. 
(XXVI) 
11 
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20. Isocoumarin: 
(XXVII) 
(XXVIII) 
Karina. F. Davienne et al.^^ have reported a isocoumarin, identified as 
paepalantine (9, lO-dihydroxy-5, 7-dimethoxy-lH-naptho (2, 3c) pyran-1-one) 
(XXIX) from Paepalanthus bromelioides. 
CH3O 
OH OH o 
OCH3 
(XXIX) 
12 
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21. Dihydroisocoumarin: 
Yan-Hui-Li et al.^^ have isolated a new dihydroisocoumarin 6-methoxy 
hydrangenol (XXX) from the rhizomes of Notopterygiumforbesii. 
CH3O 
OH O 
\ ^ ° " 
(XXX) 
22. Pyranocoumarins: 
Vilailak Prachyawarakom et al.^^ have isolated four unusual 
pyranocoumarins (XXXI-XXXIV) from the dried twigs of Af. siamensis. 
(XXXI) Ri= Prenyl, R2= COCH2 CH (CH3)2 
(XXXII) Ri= Geranyl, R2= COCH2CH (CH3)2 
(XXXIII) Ri= Prenyl, R2= COCH (CH3) CH2 CH3 
(XXXIV) Ri = Geranyl R2= COCH (CH3) CH2 CH3 
23. Chalcone: 
r44 M. Mukhlesur Rehman et al. have isolated a novel chalcone identified as 2, 
4-dihydroxy-3-(2,6-dihydroxybenzyl)-6-methoxychaIcone (XXXV) from Desmos 
chinensis. 
13 
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24. Prenylated Chalcones: 
Cfiapter-1 
Bonaventure T. Ngadjui''^  have reported the isolation of a novel prenylated 
chalcone, 3, 5-di- (2-hydroxy-3-methyl but-3-enyl) - 4, 2, 4 trihydroxy chalcone 
(XXXVI) from the twigs of Dorstenia angusticornis. 
OH O H 0 ^ \ ^ 
(XXXVI) 
25. Geranylated Chalcone: 
Lalith Jayasinghe et al. have reported two geranyl chalcones 2, 4, 4-
trihydroxy-3-geranyl chalcone (XXXVII) and 2, 3, 4, 4-tetrahydroxy-3-geranyl 
chalcone (XXXVIII) from the leaves of Artocarpus nobilis. 
14 
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OH O 
(XXXVII) Ri= Geranyl, R2= H 
(XXXVIII) Ri= Geranyl, R2= OH 
26. Bichalcone: 
Ishmael B. Mosesane et al.^^ have isolated a novel bichalcone Rhus chalcone 
(XXXIX) from twig of Rhus pyroides. 
OH O 
MeO 
OMe 
27. Pyranochalcone: 
(XXXIX) 
f24 Ah-Reum Han et al. have isolated a new pyrano chalcone 3 , 3 dimethyl 
pyrano [3, 4] 2, 4, 2-trihydroxy chalcone (XL) from the heartwood of Artocarpus 
communis. 
15 
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(XL) 
28. Chromones: 
Mario Geraldo De Carvalho et al.^^ have reported ten new chromones, 
identified as four 5, 7-dihydroxy-2-alkyl chromones pCLIa-d), four 5, 7-dihydroxy-
6-chloro-2-alkyl chromones (XLIIa-d) and two 5, 7-dihydroxy-6-8-dichloro-2-alkyl 
chromones (XLIIIa-b) from the leaves of Licania arianeae. 
O" -(CH2)n' 
(XLIa) R,Ri,R2=H,n = 31 
(XLIc) R,Ri,R2=H,n = 29 
(XLIIa) R, R2= H, Ri= CI, n = 31 
(XLIIc) R, R2= H, Ri= CI, n = 29 
(XLIIIa) R= H, Ri, R2 = CI, n = 31 
(XLIb) R, Ri, R2= H, n = 30 
CXLId) R,Ri,R2=H,n = 28 
(XLIIb) R, R2= H, Ri= CI, n = 30 
(XLIId) R, R2= H, R, = CI, n = 28 
pCLIIIb) R= H, R,, R2 = CI, n = 31 
16 
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R. Kumar et al.'^^ have isolated a new chromone, identified as 5, 4-
dihydroxy-7-methyl 3-benzyl chromone (XLIV) from the leaves of Cassia nodosa. 
OH O 
OH 
(XLIV) 
29. Chromone glycoside: 
Y.B. Wang et al.^^ have reported four new chromone glycosides, identified 
as 7-0-P-D-allopyranosyl-5-hydroxy-2-methyl chromone (XLV) acetylglucopyrano 
syl-5-hydroxy-2 methyl chromone (XLVI), 7-0-[6-0-(4-0-trans-caffeoyl-P-D-
allopyranosyl)]-P-D-glucopyranosyl-5-hydroxy-2 methyl chromone (XLVII) and 7-
0-[6-0-(4-0-trans-ferulosyl-P-D-allopyranosyl)]-P-D-glucopyrano- syl-5 hydroxy-
2-methyl chromone (XLVIII) jfrom the whole plant of Knoxia corymbosa. 
OH O 
(XLV) R=H 
(XLVI)R=Ac 
0 
(XLVII) R=H 
(XLVIII) R=CH3 
17 
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30. Aurone: 
Mallavadhani and MahapaW have isolated a new aurone, identified as 4, 6-
dihydroxy-2-[a,a-(4-hydroxy phenyl) hydroxy] methylene-3 (2H)-benzofuranone 
(XLIX) from the leaves of Diospyros melanoxylon. 
.^===^^-0H 
(XLIX) 
The 'H NMR, IR, UV and MS data of few of the above mentioned compounds are 
given in Table 1. 
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In the present study, we have tried to carry out systematic chemical 
investigation of important indigenous medicinal plants with a view to characterize 
their chemical components preferably flavonoids, which could be starting point for 
the chemists who are mainly concerned with pharmacological of these herbal drugs. 
Since mainly the spectroscopic techniques UV, IR, ' H N M R , '•^C N M R and 
mass have been used in the identification and structure elucidation of the products 
isolated from different plants during the course of the present work, a brief review of 
each technique has been discussed below: 
1. INFRA-RED SPECTROSCOPY: 
Flavone: 
The IR spectrum in practice, play an important role and offers the first clue 
to nature of the compound. It provides valuable information of fimctional groups in 
a molecule. In the case of flavonoids, IR measurements are helpful in providing 
evidence for the presence of (a) pyrone ring (b) chelated hydroxyl groups and (c) the 
gem dimethyl grouping. The substitution pattern of the benzene ring can be inferred 
from bands in the 690-800 cm"' region. Such evidence is helpful in distinguishing 
between flavonoids and coumarins. IR spectroscopy has mostly been used to adduce 
corroborative evidence. 
The IR spectra of flavones show the carbonyl band at 1660 cm"' ^^  owing to 
the conjugation with olefinic double bond. Introduction of a hydroxyl group at 5-
postion does not alter the band position appreciably. Luteolin and apigenin show the 
carbonyl bands at 1655 and 1650 cm"' respectively.^^ 
The IR spectrum of unsubstituted flavanone shows the carbonyl absorption at 
1680 cm"', the standard value for aromatic ketones. The shift of carbonyl band at 
1620 cm"' in 5-OH flavanones is largely due to chelation. Consequently, methylation 
of the 5-OH produces only a small frequency shift. The existence of chelation is, 
however, clearly demonstrated by the absence of the hydroxyl bands at the usual 
position in 5-hydroxy compounds. Apparently it comes to lie in the OH stretching 
region and is thus obliterated. A similar high frequency shift of 4'-substituted 
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flavanone is attributed to intermolecular hydrogen bonding/'* The IR spectra of 
isoflavones are similar to those of flavones. Another interesting feature of the IR 
spectra of flavones is that the carbonyl frequency is independent of the substitution 
pattern in ring A and B and is effected only by the introduction of a hydroxyl at 3-
position. 55 
Triterpene: 
The infrared spectra of triterpenes have got much resemblance with the 
spectra of the steroids. However in C-3 ketones of the series of steroids, the C-2 and 
C-4 methylene group corresponding 3-oxo triterpenes, the C-2, methylene group 
absorb near 1430 cm'^ a C-11 methylene in 12-oxo triterpenes absorbs close to 1420 
cm''. Cole and coworkers^* have summarized the positions of carbonyl bands, 
ethylenic double bonds^ ^ and the equatorial or axial nature of the hydroxyl groups, 
in triterpenic compounds in the IR region. 
As a result of infrared spectroscopic studies it might be possible to make a 
distinction between tertiary equatorial (3613 cm'') and axial (3617 cm"') hydroxyl 
groups, on this basis the band at 3629 cm'' (CCI4) in methyl melaleucate^^ (L) has 
been assigned as equatorial secondary, while its 3-a epimer, obtained by oxidations 
of the ketone (L) and subsequent reduction gives a band at 3636 cm'' due to axial 
secondary nature of OH group. 
(L) 
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Coumarin: 
The pyrone-carbonyl stretching frequency of a coumarin is usually found in the 
region 1700-1750 cm"' "^^ "^  when an alkoxy group is attached at C-5 with C-8 
unsubstituted, but when the alkoxyl group is at C-8 a frequency lower than 17-20 
cm"' is obtained. Pyranocoumarins show a strong absorption band at 1717-1730 cm" 
' which shift to 1735-1750 cm"' in dihydropyranocoumarins. 
There are normally three strong absorption bands in the region 1600-1660 
cm"' in the IR spectrum of coumarins for (C=C) vibrations. 
Furanocoumarins showed a strong sharp band appears at 1613-1639 cm"' 
(C=C stretching) in addition to the aromatic bands at -1500 and -1600 cm"'. C-5 
and C-8 substituted psoralens^ "^^ ^ exhibits four characteristic absorptions in the 
1550-1625 cm"' region, the exact positions of which can be used for structural 
differentiation. 
2. ULTRA VIOLET SPECROSCOPY: 
Flavones: 
U.V. spectroscopy has become a major technique for the structure 
analysis of flavonoids for two main reasons. The first is that only a small quantity of 
pure material is required. The second reason is that the structural information 
obtained about flavonoid for UV is considerably enhanced by the use of specific 
reagents which react with one or more functional groups on the flavonoid nucleus. 
The addition of those reagents separately to an alcoholic solution of the flavonoid 
induced structiirally significant shifts in the UV spectrum. The commonly used shift 
reagents '^' are sodium methoxide (NaOMe), sodium acetate (NaOAc), sodium 
acetate/ boric acid (NaOAc/ H3BO3), aluminium chloride (AICI3) and aluminium 
chloride/ hydrochloric acid (AICI3 / HCl). 
The ultra-violet spectra of different flavonoids are very characteristic^^ and 
along with color reactions^ '^ *^"*' have been used extensively to distinguish the 
various groups of this class of the compounds. The UV spectra of most flavonoids 
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consist of two major absorption maxima, one of which occurs in the range 240-285 
nm (band II) associated with ring-A benzoyl system (LI) and second at a higher 
wavelength (band I), occurs in the range of 320-380 nm associated with ring-B 
cinnamoyl absorption. (LII). 
(LI) (LII) 
Substitution in ring-B especially at 4'-position stabilizes the cinnamoyl 
chromophore resulting in a red shift of band I whereas, substitution in ring-A has a 
similar effect on the postion of band II. The presence of a free hydroxyl group at C-5 
and C-3 positions is estabilished by measuring the spectra in the presence of AICI3 ^^  
Compounds having a methylation of this hydroxyl group bring about a blue shift of 
r 
1-15 nm of both bands. The hydroxyl groups at C-7 and 4 position are more acidic 
than others and their occurrence is estabilished by red shifts of band I and band II on 
the addition of fiised sodium acetate^'. The presence of a hydroxyl groups at 4' 
position is also confirmed by a large red shift in band I without a decrease in 
intensity on the addition of sodium methoxide^ .^ The presence of ortho dihydroxy 
groups in ring-A and ring-B is identified by a red shift in band I in the presence of 
AICI3 / HCl and sodium acetate / boric acid respectively. 
In flavanones and isoflavones, due to the absence of cinnamoyl chromophore 
the high wavelength band is either totally absent or present only as an inflection. 
Thus it is difficult to distinguish between flavanones and isoflavones with the help 
of UV specrum alone. The ultra-violet spectra of biflavonoids with the only 
difference that the molecular extinction coefficient (e) of the biflavone is 
approximately double as compared to the corresponding monoflavonoids. This 
demonstrates the presence of two isolated chromophores of flavonoids per molecular 
of biflavonoids. 
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Coumarins: 
UV absorption bands are useful techniques distinguishing coumarins from 
chromones. Chromones normally have a strong absorption at 240-250 imi (log € 3.8) 
whereas coumarins usually have a minimum at this wavelength. 60b 
Coumarin (LIII) shows absorption bands at 274 and 311 nm (log € 4.03 and 
3.02) attributed to the benzene and pyrano rings respectively.^ ^ Substitution of a 
methyl group at C-3 leads to a small hypsochromic shift in the 311 run maximum 
leaving the other maximum essentially unchanged. 
0 - ^ 0 
(LIII) 
Methyl substitution at C-5, C-7 or C-8 leads to a bathochromic shift of the 
274 nm maximum but leaves the 311 nm maximum practically unchanged.'' 
The introduction of a hydroxyl group into the coumarin nucleus causes a 
bathochromic shift of the principal absorption band.'^ The position of the new 
maximum depends on the ability of the hydroxyl group to conjugate with the 
chromophoric system, for e.g. 7-hydroxy coimiarin show strong absorption bands at 
-217 and 315-330 imi with weak peaks or shoulders at 240 and 255 imi. A marked 
bathochromic shift in the UV maximum on addition of sodium acetate with no 
fiirther shift on addition of sodium methoxide suggests the presence of free hydroxyl 
groups at C-5 or C-lP 
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3. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY: 
Flavones: 
The foregoing discussion of the IR and UV spectra of flavonoid illustrates 
the usefulness of these two techniques in determining the structure of unknown 
flavonoids. It is clear that although much useful information regarding the 
oxygenation pattern of a flavonoid can be obtained. In this way it falls short of 
providing complete and unambiguous evidence for or against a presumed structure. 
Thus the infrared spectrum does not go beyond distinguishing between the y- pyrone 
system of flavonoids and the a- pyrone system of coumarins besides indicating the 
presence chelated 5- hydroxyl group. The UV spectrum is much more informative 
and distinguishes clearly between flavones, isoflavones and coumarins. 
Since flavonoid compounds contain, in general very few protons, nuclear 
magnetic resonance spectroscopy is a useful tool in the structure elucidation of this 
class of compounds. By the use of 'HNMR studies of silyl derivatives^ "*, double 
irradiation techniques,^ ^^ solvent induced shift studies^ ^*^^ ' and lanthanide induced 
shift studies^ ^ (LIS), one can come to the structure of flavonoids without tedious and 
time consuming chemical degradation and synthesis. Table 2 gives the chemical 
shifts of different protons of certain representatives of flavones and isoflavones. 
The valuable contributions in this field have been made by Batterham and 
Highet'^ Mabry*^ Clark-Lewis^\ Kawano^ '^^ ^ Pelter and Rahman.^ "'*' 'H NMR 
spectroscopy is highly helpful in determining the substitution pattern of flavonoids. 
31 
Cfiapter-I 
Table 2 
^H- NMR spectral data of flavones and isoflavones, value on 6 scale 
Assignment Apigenin Luteolin Robinetin 
Genistein 
5-methyl 
ether 
Orobol 
H-2 
H-3 6.35 (s) 6.3 (s) 
H-5 
H-6 
H-8 
H-2', 6 
H-5 
H-3', 5' 
5-OMe 
6.15 
(d, J= 2.5 Hz) 
6.50 
(d, J= 2.5 Hz) 
7.70 
(d, J= 9.0 Hz) 
6.85 
(d, J= 9 Hz) 
6.14 
(d,J=2.5Hz) 
6.50 
(d,J=2.5Hz) 
7.35 
(dd, J= 8.5,2.5 Hz) 
6.85 
(d, J= 8.5 Hz) 
7.95 
(d, J= 8.5 Hz) 
6.75 
(dd, J=8.5, 2.5 Hz) 
6.18 
(d,J=2Hz) 
7.20 
(d, J= 2 Hz) 
6.20 
(d, J=2.5Hz) 
6.24 
(d, J=2.2Hz) 
7.30 
(d, J=8.5Hz) 
6.75 
(d, J=2.5Hz) 
3.80 (s) 
6.18 
(d, J=2.5Hz) 
6.39 
(d, J=2.5Hz) 
7.01 
(dd, J=2.5, 
9.0 Hz) 
6.92 
(d, J=9.0Hz) 
s = singlet, d = doublet, dd = double doublet 
OH 
HO. 
H6' 
Hg 
O. U2 R 
\ / 
-OH 
OR- O H / HS-
Apigenin - Ri = OH, R2 = R3 = R4 = H 
R=H 
Luteolin - Ri = R2 = OH, R3 = R4 = H 
Robinetin- Ri = H, R2 = R3 = R4 = OH 
Genistein 5- methyl ether- R = CH3, 
Orobol- R ' = H, R = OH 
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An obvious advantage of this technique in its application to flavanones is 
that they can be readily distinguished not only from flavones and isoflavones but 
also from the isomeric chalcones which in view of the extreme case of the 
isomerisation process, is often not possible with other methods. 
The most commonly occurring hydroxylation pattern in natural flavonoids is 
4, 5, 7- trihydroxy (LIV) system. The chemical shifts of the protons of ring A and B 
prove to be independent of each other but are affected by the nature of ring C. 
OH O 
(LIV) 
A-Ring protons: 
The two A- ring protons of flavonoids with 5, 7 dihydroxylation pattern give 
rise to two doublets (J= 2.5 Hz) between 6 6.66- 6.0 from tetra methyl silane. There 
is, however, small but predictable variation in the chemical shifts of the C-6 and C-8 
proton signals depending on the 5- and 7- substituents. In flavanones the 6, 8-
protons give a signal near 5 5.95, with the addition of a 3- hydroxyl group 
(flavonols) the chemical shift of these protons are slightly altered and the pattern 
changes to very strongly coupled pair of doublets. The presence of double bond in 
ring-C of flavones and flavonols causes a marked downfield shift of these peaks 
again producing the two double pattern out of 6- and 8- protons, the latter appears 
downfield. 
B-Ring protons: 
All B- ring protons appear around 6 7.7-6.7, a region separate fi-om the usual 
ring-A protons. The signals from the aromatic protons of a substituted B- ring in a 
flavone appear as a broad peak centered at about 5 7.45. the presence of double bond 
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in C- ring double bond causes a shift of 2, 6'-protons and the spectrum shows two 
broad peaks one centered at 5 7.5 (H-2', 6) and the other at 6 6.85 (H-3', 4, 5).^' 
With the introduction of hydroxyl group at 4 position the B-ring protons 
appear effectively as a four peak pattern, A2B2 pattern. Introduction of one more 
substituent to ring-B gives the normal ABC pattern, the hydroxyl group increases 
the shielding on the adjacent 3', 5'-protons and the signals moves substantially 
upfield. The 2, 6 protons of flavanones give signals centered at about 5 7.35. 
C-Ring protons: 
Considerable variations are generally found for the chemical shifts of C-ring 
protons among the several flavonoid classes. For example, the C-3 proton in 
flavones gives a sharp singlet near 6 6.3, the C-2 proton of isoflavones is normally 
observed at about 5 7.7, while the C-2 protons in flavanones is split by C-3 proton 
into a doublet of Jcis= 5 Hz, Jtrans= 11 Hz and occurs near 5 5.2. The two C-3 protons 
occur as two quartets (JH3a.3b= 17 Hz) near 6 2.3. However, they often appear as two 
doublets since two signals of each quartet are of low intensity. The C-2 proton in 
dihydroflavonols appears near 6 4.9 as a doublet (J= 11 Hz) coupled to the C-3 
proton which comes at about 5 4.2 as doublet. 
Coumarins: 
'H N M R spectrum of unsubstituted coumarin in the pyrone ring showed a 
pair of doublet, J = 9.5 Hz, centered at 6 6.1-6.4 and 7.5-8.3 for H-3 and H-4 
protons, respectively. Electron release by an oxygen substituent at C-7 causing the 
resonance of H-3 to move to higher field by ~ 0.17 ppm. Same substitient at C-5 has 
a similar, though smaller effect.^ ""^  
The 'H NMR spectrum of 7-methoxycoimiarin showed doublets, J = 9.5 Hz, 
arising from H-3 and H-4 are found centered at 5 6.23 and 7.64, respectively. H-5 is 
foimd as a doublet, J = 9 Hz, at 6 7.38, downfield from the H-6 and H-8 signals 
which appear as a two proton muhiplet at 5 6.87.^ °*^  
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*^ C- NMR SPECTROSCOPY: 
'^C- NMR spectroscopy has been used in natural product chemistry in 
variety of ways at various stages of the structure determination. ^^ C-NMR spectral 
data furnish key information such as number of carbon atoms and establish if they 
are primary, secondary, tertiary, aromatic, olefinic or part of fundamental groups. 
The '^C- NMR spectra of flavonoids and their glycosides^^ are of some 
interest in the context of compounds isolated during the course of this work. The 
spectra can be analyzed by reference to those of simple compounds such as 
acetophenones ' and cinnamic acids which possess structural features 
characteristic of flavonoids. 
It is worthwhile to see how introduction of oxygen at various positions of 
these, affects the chemical shifts. In hydroxyacetophenone (LV) the nuclear carbon 
linked directly to oxygen of hydroxy group gives rise to a signal at 5 161.5 and the 
two adjacent carbons give to signal at« 118.0. The carbon para to the carbonyl is the 
most deshielded and its signal appears at 6 135.5. In 2, 6- dihydroxy acetophenone 
(LVI) the carbon bond directly to oxygen give rise to signal at 6 161.4 and the two 
adjacent carbons produce signals at 5 106.5. The meta carbon which is para to the 
acetyl group is deshielded and appears at 5 134.0. 
118-3 106-5 94-5 
(LV) (LVI) (LVII) 
Thus, chemical shifts correlate to those for protons on these carbons, the 
protons ortho and para to hydroxyl being shielded more than the one at meta 
positions and protons para and ortho to carbonyl being the ones most exposed to the 
deshielding influence of the carbonyl group. In 2, 4, 6 trihydroxy acetophenone 
(LVII) the oxygenated nuclear carbons show signal at 6 165.10 ppm while the 
dihydroxy acetophenone (LVI) it is 5 161.4. This slight deshielding at 5 3.70 can be 
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attributed to the hydroxyl group at meta position. The unsubstituted carbons 3 and 5 
are shielded due to enhanced mesomeric effect and their signals appear at 5 94.5. 
These effects can be assumed to be general and are relied upon in making 
assignments in flavonoid spectra. The other structural unit of flavonoids is akin to 
cinnamic acid derivatives are, therefore, of interest. The chemical shifts of the parent 
cinnamic acid and its mono, di and tri substituted derivatives are indicated in the 
structure (LVIII, LIX, and LX and LXI). 
HO 
128-5 . 129-0 
134-: 
117-5 
129-5 128-5 
o 
131-7 117.29 
OH 
160-33 
(LVIII) (LIX) 
116-89 
'149-11 
127-29 
146-92 
HO 
170-6 
. //—on 
\ //\A9-n 
116-7 112-28 
o 
126-30 
OMe 
149-17 
(LX) (LXI) 
The 3, 4- type of substitution is the one most commonly encountered in 
flavones and chemical shifts of carbon 3 and 4 of 3- methoxy 4- hydroxyl cinnamic 
acid (LX) 5 149.11 and 6 149.78 respectively are substantially different from those 
of carbons under oxygen in acetophenone. This makes it possible to distinguish 
between oxygenated ring-A and B carbons of flavones. The carbons ortho and para 
to phenolic hydroxyl are shielded, compared to imsubstituted benzene and appear at 
5 112.28 and 116.89, the cinnamic acid double bond causing a further shift of C-2 
resonance. Carbon-1 adjacent to olefinic double bond of cinnamic acid is almost at 
the same value as in substituted benzene but different in unsubstituted benzene. The 
a- carbon appears at 6 116.7 and the ^ carbon at 5 146.92. In trisnbstituted benzene 
(LXI), the carbons attached to oxygen are further shielded and in 3, 5-dimethoxy 4-
hydroxyl cinnamic acid appear at 5 149.17 and 5 138.79 respectively. The carbon 
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bearing the hydroxyl is shielded to a greater extent because of resonance 
contribution from the flanking methoxyl groups. The same type of resonance effect 
is responsible for the shielding of 2 and 6 carbons. 
The chemical shifts of flavones, substituted flavones and isoflavones are 
reproduced*^ in the following tables (Table 3). 
Table 3 
Chemical shifts (in 5 downfleld from TMS) 
Carbon 
Number 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
r 
T 
3' 
4' 
5' 
6' 
Flavone 
163.2 
107.6 
178.4 
125.2 
125.2 
133.7 
118.1 
156.3 
124.0 
131.8 
126.3 
129.0 
131.6 
129.0 
126.3 
7-methoxy 
flavone 
162.6 
107.2 
177.4 
126.7 
114.1 
163.7 
100.2 
157.7 
117.6 
131.6 
125.8 
128.7 
131.1 
128.7 
125.8 
5-hydroxyl 
flavone 
164.07 
105.61 
182.90 
155.85 
107.22 
135.61 
110.83 
159.82 
110.13 
130.54 
126.39 
128.91 
131.97 
128.91 
126.39 
5,7^,4-
tetrahydroxy 
flavones 
165.07 
103.94 
182.63 
158.24 
94.90 
164.34 
99.91 
161.56 
104.2 
123.06 
114.38 
145.95 
149.84 
117.05 
120.14 
7-methoxy 
isoflavones 
152.4 
125.1 
175.3 
127.6 
114.6 
163.8 
100.0 
157.7 
118.3 
127.9 
128.2 
128.8 
131.8 
128.8 
127.9 
MASS SPECTROSCOPY: 
Recently mass spectroscopy has been successfully employed for the structure 
elucidation of flavonoids and their glycosides 87,88,90-93 and a conclusive structure 
fragmentation pattern relationship established. Generally the fragmentation is related 
to the structure of the intact molecule. Electron impact mass spectroscopy of both 
flavonoid aglycones and glycosides serves as a valuable aid in determining their 
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structures, especially when only very small quantities (i.e. less than 1 mg) of the 
compound are available. The flavonoids aglycones and their glycosides have been 
subjected to GC-MS spectrosmetry in the form of their permethylethers, 
perdeuteriomethyl ether '^*'^ ^ and trimethylsilyl ethers. ^^ '^ ^ 
Flavones: 
Most flavonoids yield intense peak for the molecular ion [M '^] and indeed 
this is often the base peak. In addition to the molecular ion, flavonoids usually afford 
major peak for [M-1] and pvI-15] when methoxylated. Perhaps the most useful 
fragmentations in terms of flavonoid identification are those which involve the 
cleavage of intact A and B-ring fragments. Kingstons'^  had discussed in derail the 
mass spectra of large number of flavones, flavonols and their ether derivatives 
(Scheme I and II). The fragmentation pattern of mono flavones has been 
summarized as follows. 
a. Flavones with fewer than four hydroxyl groups don't readily fragment a 
consequence of the stability of their molecular ion. 
b. Flavones with fewer than four hydroxyl groups tend to under go 
decomposition predominantly by the refro-Diels-Alder (RDA) process. This 
and other common fragmentation process are shown in (Scheme-I) using 
apigenin (LXII)^ ^ as a typical example. 
c. An [M-1] ion is often fovmd in the mass specfra of flavones, its origin is 
however, obscure. 
d. The presence of ion m/z 137 (Scheme-1) frequently more intense when a 3-
hydroxy group is present, is attributed to the alternative mode of retro-Diels-
Alder fragmentation. 
e. Doubly charged ions are frequently present. 
f. When heavily substituted with hydroxyls and methoxyls, the flavones tend to 
fragment in a less predictable manner, retro-Diels-Alder process becomes 
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insignificant and the spectrum is dominated by the molecular ion and ions at 
M-15,M-28,andM-43.^''-^^ 
Flavonoid O-glycosides: 
The position of a sugar residue in a flavonoid aglycone can be easily 
recognized from the mass spectrum of permethylated glycosides^ .^ The sugar 
attached to the position 5 and 3 splits more readily than that at position 7 and as a 
result the molecular ion peak is of very low intensity or totally absent. On the other 
hand 7-o-glycosides usually show an intense molecular ion peak amounting to 50% 
or higher. The 4'-glycosides present an intermediate case, having small but distinct 
molecular ion peak. 
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CHEMICAL CONSTITUENTS FROM THE LEAVES OF 
FICUSLYRATA 
Ficus is a large genus of trees, shrubs and often climbers with milky juice, widely 
distributed throughout the tropics of hemispheres but particularly abimdant in South-
East Asia and Polynesia. About 65 species are found in India. All species of Ficus 
yield latex containing caotchouc. Many species of Ficus are medicmally important. 
Ficus calosa is used for the treatment of hypothermic, diuretic and CNS activities.^ 
Medicinal importance and scanty of work on this plant accelerate our interest to 
carry out the comprehensive investigation of leaves of Ficus lyrata. 
Earlier work on this plant is the isolation of a new chromone, named 5,6-
dihydroxy-2-methylchromone along with seven known flavonoids, 5-hydroxy-7, 3, 
3', 4'-tetramethoxyflavone, 5, 4'-dihydroxy-6,7,8-trimethoxyflavone, 5,4'-dihydroxy-
7,8-dimethoxyflavone, 4-methoxychalcone, 7, 4'-dimethoxyapigenin, 5, 7, 4'-
trihydroxy-2, 3', 6'-trimethoxyisoflavone, acacetin-7-O-glucoside and acacetin-7-0-
neohesperidoside and P-sitosterol-D-glucoside.'* The present discussion deals with 
the isolation and characterization of the following compounds from the leaves of 
Ficus lyrata. 
1. Ursolic acid 
2. 2,3,4- trihydroxy acetophenone 
3. 2,6- dimethoxy 4- hydroxy acetophenone 
4. 3, 7,3', S'-tetramethoxy flavone (new compound) 
5. Irisolidone 
6. 6-methyl 8- hydroxy coumarin- 3(prop-2-en-l-oic acid) (new compound) 
7. Dihydrokaempferol 
8. Apigenin 7-O-neohesperidoside 
Leaves of Ficus lyrata (2.5 kg) were collected from A.M.U. Fort, Aligarh, 
India. They were dried under shade and powdered. The powdered leaves were 
thoroughly extracted with petrol, benzene, ethyl acetate, acetone and methanol 
respectively. The petrol and benzene extracts on concentration gave dark green oily 
mass of fatty nature, therefore not further examined. 
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The ethyl acetate and acetone extract showed similar behaviour on TLC 
examination in different solvent systems [benzene: pyridine: formic acid (36:9:5), 
toluene: ethylformate: formic acid (5:4:1)] etc. Therefore, they were mixed together 
and chromatographed over silica gel column. The column was eluted successively 
with petroleum ether, petroleum ether-benzene (9:1-1:1), benzene, benzene-ethyl 
acetate mixture, ethyl acetate and methanol. 
Fl-1 
Fl-1 was eluted from the column by petroleum ether- benzene (6:4-1:1) 
fraction and crystallized from chloroform-methanol as colourless crystals (80 mg), 
m.p. 270-3^C. It responded positively to Leibermaim-Burchard test^  (red colour). 
Elemental analysis along with molecular ion peak at m/z 456 agreed with the 
molecular formula C30H48O3. Infrared spectrum displayed the characteristic bands at 
3175 cm-' (OH), 2980,1725 (C=0), 1710,1470 (C=C), 1345,1210 cm"'. 
The 'H N M R spectrum (Table la) showed seven methyl groups at 8 0.67, 
0.79, 0.81, 0.86, 0.91, 1.03 and 1.23. The signal for olefinic proton was observed at 
5 5.15 and a double doublet at 6 3.50 was ascribed to the proton a to the hydroxyl 
group. 
It was acetylated with acetic anhydride and pyridine. The 'H NMR spectrum 
of acetate Fl-1 Ac (Table lb) showed seven methyl fimctions in the range of 5 0.7-
1.25 and one acetoxyl function as a singlet at 5 2.0. In addition to the above signals 
there was a multiplet centered at 5 4.00 for a proton a to the acetoxyl and a signal at 
5 5.20 characteristic of the olefinic protons. 
On methylation, Fl-1 Ac with diazomethane gave an acetyl methyl ester Fl-
1 AcM (25 mg), m.p. 220°C. Its 'H NMR spectrum (Table Ic) showed seven methyl 
functions at 6 0.72-1.23 and a singlet for the ester methoxyl function at 5 3.6. 
The spectral data mentioned above for the acetate and acetyl methyl ester 
showed that the parent compound is a monohydroxy monocarboxylic acid of 
triterpene. This was further confirmed by the mass spectral data. The mass spectrum 
of the acetate and its methyl ester showed the [M"^ ] peaks at m/z 498 and 512 
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respectively. In the triterpenes, A^  compounds undergo predominantly retero Diels-
Alder fragmentation. Thus the peaks at m/z 249 and m/z 248 in the acetyl derivative 
(Fl-lAc) are due to fragments (I) and (II), the fragment (I) arising from rings A/B 
and fragments (II) arising from D/E rings. The Scheme la and lb showed the 
fragmentation pattern of the acetyl derivative (Fl-lAc) and its methyl ester (Fl-1 
AcM) respectively. 
The final identity of the parent compound as ursolic acid was estabilished by 
direct comparison on TLC examination in the solvent system, petroleum ether-
ethylformate-formic acid (93:7:0.7), which is specific for distinction between ursolic 
acid and oleanolic acid , alongwith samples of ursolic acid and oleanolic acid. It was 
found to be identical with ursolic acid (I). 
30 
COOH 
28 
24 23 
(I) 
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Assignments 
H-12 
H-3a 
CH3-25 
CH3-23 
CH3-24 
CH3-3O 
CH3-29 
CH3-27 
CH3-26 
Table la 
*H NMR soectral data of Fl-1 
No of protons 
1 
1 
3 
3 
3 
3 
3 
3 
3 
Signals 
5.15(lH,d,J=11.2Hz) 
3.50 (IH, dd, J = 5.5, 9.3 Hz) 
1.23(3H,brs) 
1.03(3H,brs) 
0.91 (3H, brs) 
0.86 (3H, d, J - 6.5 Hz) 
0.81(3H,d,J = 6.3Hz) 
0.79 (3H, brs) 
0.67 (3H, brs) 
s = singlet, dd = double doublet spectrum run in CDCI3 at 290 MHz, TMS as 
internal standard, values are recorded on 5 scale. 
Table lb 
^H NMR spectral data of Fl-1 Ac 
Assignments No of protons Signals 
H-12 i 5.20(lH,m,J=ll.lHz) 
H-3 1 4.00 (IH, dd, J = 6 & 9.5 Hz) 
-OCOCH3 3 2.0 (3H, s) 
7xCH3 21 0.7-1.25 
s = singlet, dd = double doublet, m = multiplet, spectrum run in CDCI3 at 290 MHz, 
TMS as internal standard, values are recorded on 5 scale. 
Table Ic 
' H NMR spectral data of acetyl methyl ester Fl-1 AcM 
Assignments 
H-12 
H-3 
-COOCH3 
7xCH3 
s = singlet, m = multiplet, spectrum run in CDCI3 at 290 MHz, TMS as internal 
standard, values are recorded on 6 scale. 
No of protons 
1 
1 
3 
21 
Signals 
5.17 (lH,m) 
3.52 (lH,m) 
3.60 (3H, s) 
0.72-1.23 
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H3COC0 
[M'']m/z498 
H3COCO 
m/z249 
# 
ni/zl89 
COOH 
-CH^COOH 
ni/z438 
COOH 
m/z203 
Scheme la 
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H3C0C0 
C00CH3 
-CH,COOH 
COOCH3 
[M"']in/z512 m/z452 
H3COCO 
m/z249 
COOCH3 
m/z262 
m/zl89 
m/z203 
Scheme lb 
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Fl-2 
Elution of the column with benzene followed by crystallization from 
benzene-chloroform gave FL-2 as white shining crystals (140 mg), m. p. 202-03°C. 
It gave greenish colour with alcoholic solution of ferric chloride. The elemental 
analysis agreed with molecular formula C8H8O4. The IR spectrum showed the 
characteristic bands at 3250 (OH), 1665 (C=0), 1600,1466 (C=C) cm"'. 
The 'H N M R spectrum (Table-2) exhibited a sharp singlet integrating for 
three protons at 6 2.08 assigned to CH3. Three independent singlets of one proton 
each at 5 12.02, 11.20 and 9.57 were ascribed to three OH groups. A pair of ortho 
coupled doublets at 5 6.63 (J = 9 Hz) and 7.26 (J = 9 Hz) integrating for one proton 
each, attributed to H-5 and H-6 proton respectively. Finally the structure of Fl-2 was 
established by its mass spectrum. The molecular ion peak was observed at m/z 168, 
and the characteristic fragments at m/z 153 [M-CH3], 150 [M-H2O], 140 [M-CO], 
125 [M-COCH3] fiirther supported the above assigned structure. 
In the light of above results, Fl-2 was characterized as 2, i, ^^  trihydroxy 
acetophenone [11].^  
ai) 
54 
Table-2 
' H N M R spectral data of Fl-1 
Chapter-11 
Assignments No. of protons Signals 
CH3 
H-5 
H-6 
OH 
OH 
OH 
2.08 (s) 
6.63 (d, J = 9 Hz) 
7.26 (d, J = 9 Hz) 
9.57 (s) 
11.20 (s) 
12.02 (s) 
s = singlet, d = doublet, spectrum run in DMS0-d6 at 300 MHz, TMS as internal 
standard, chemical shifts are quoted on 5 scale. 
Fl-3 
Fl-3 was obtained from the column by benzene-ethyl acetate (9:1) mixture 
and was crystallized from benzene-acetone as white shining crystals (60 mg), m.p. 
77-78°C. It gave greenish colour with alcoholic solution of ferric chloride. The 
elemental analysis agreed with molecular formula C10H12O4. The IR spectrum 
showed the characteristic bands at 3310 (OH), 1680 (C=0), 1610, 1475 (C=C) cm"'. 
The ' H NMR spectrum (TabIe-3) exhibited a sharp singlet integrating for 
three protons at 5 2.26 assigned to COCH3. An independent singlet of one proton at 
5 9.00 was ascribed to OH proton. The spectrum clearly showed the presence of two 
methoxyl groups through a sharp singlet of six protons at 6 3.83. The remaining 
singlet at 5 7.08 integrating for two protons was assigned to H-3 and H-5 protons 
respectively. Finally the structure of Fl-3 was fiirther supported by the mass 
spectrum which showed the molecular ion peak at m/z 196 and other diagnostic 
fragments at 181 [M-CH3], 166 [I8I-CH3], 165 [166-H], 138 [166-CO]. 
In the light of above results, Fl-3 was characterized as 2, 6-dimethoxy-4-
hydroxy acetophenone (III).^ 
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CH3O 
Assignments 
COCH3 
2 X OCH3 
H-3, H-5 
OH 
OH 
ail) 
Table-3 
•H NMR soectral data of Fl-3 
No. of protons 
3 
6 
2 
1 
Signals 
2.26 (s) 
3.83 (s) 
7.08 (s) 
9.00(3) 
s = singlet, spectrum run in CDCI3 at 300 MHz, TMS as internal standard, chemical 
shifts are quoted on 5 scale. 
Fl-4 
It was eluted from the column with benzene-ethyl acetate (8:2) and 
crystallized with chloroform-methanol as yellow crystals (35 mg), m.p. 144-45''C. It 
responded positively to Shinoda's test^  and gave a red colour on reduction with 
sodium amalgam followed by acidification"' indicating it to be a flavanone or 3-
substituted flavonol. The possibility of its being flavanone was ruled out as it gave 
yellow colour with Wilson boric acid reagent." The IR spectrum revealed the 
presence of carbonyl group at 1670 cm''. Elemental analysis alongwith the 
molecular ion peak at m/z 342 corresponded to the molecular formula CigHigOe. The 
UV spectrum displayed a maximum absorption at 249 and 363 nm. Absence of any 
shift with AICI3, NaOAc and NaOMe indicating the absence of free hydroxyls at 5, 
7 and 4'-positions respectively (Table-4). 
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Its H NMR spectrum (Table 5, Fig 1) exhibiting a six protons singlet at 6 
3.96 (5 C 56.27) was ascribed to methoxyl groups at 3' and 5' positions. Two 
independent singlets integrating for three protons each at 5 3.94 (5 C 55.73) and 3.90 
(5 C 55.53) were assigned to methoxyl groups at 3 and 7 positions respectively. A 
one proton meta coupled doublet at 5 6.54 (J = 2.5 Hz, 5 C 93.00) was attributed to 
H-8 proton. A double doublet at 5 6.62 (J =10 and 2.5 Hz, 5 C 98.90) and an ortho-
coupled doublet at 5 8.01 (J = 10 Hz, 5 C 124.90) were assigned to H-6 and H-5 
protons respectively. A pair of meta coupled doublet at 5 7.24 (J = 2.5 Hz, 5 C 
104.81) integrating for two protons and at 5 7.14 (J = 2.5 Hz, 5 C 119.10) of one 
proton were corresponded to H-2', 6' and H-4' respectively. Analysis of 'H- 'H 
COSY spectrum shows the correlation between H-5 and H-6, H-6 and H-8, H-2', 6' 
and H-4' protons. Full assigimients of the protons, C-H carbons and carbons signals 
were obtained by 'H- 'H COSY (Fig. II) and HSQC (Fig IVa and IVb) and '^ C 
NMR spectra (Fig-III). The assignments were made by comparing the values cited 
in literature for flavonoids 12 
The mass spectrum (Scheme II, Fig- V) was in full agreement with the 
above assigned structure. It showed the molecular ion peak at m/z 342. The fragment 
ions at m/z 327, 312, 297 and 282 corresponding to the successive loss of methyl 
groups. The retero-Diels Alder cleavage was facile and led to the fragments ions at 
m/z 150 for ring A and 165 for ring B which were indicative of the presence of one 
methoxyl in ring A and two methoxyl in ring B. The other fragment ions were 
rationalized from scheme. 
On the basis of above results the compound Fl-4 was assigned as J, 7, 3\ S-
tetramethoxyflavone (IV) which is being reported for the first time. 
MeO 
OMe 
OMe OMe 
(IV) 
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Table 4 
UV spectral data of Fl-4 
Reagents Max^  nm 
Fl-4 + MeOH 
FI-4 + AICI3 
Fl-4 + AICI3/HCI 
Fl-4 + NaOAc 
Fl-4 + NaOAc + H3B03 
Fl-4 + NaOMe 
249, 363 (m) 
249, 363, 365 (sh) 
249, 364, 365 
249,250, 363 
248,362, 363 
249,363 
Table 5 
"C and *H NMR spectral data of Fl-4 
Position 
2 
3 
4 
5 
6 
7 
8 
9 
10 
r 
2',6' 
3', 5' . 
4' 
2 X OCH3 (3' & 5') 
3-OCH3 
7-OCH3 
"CNMR(8) 
155.05 
142.05 
180.19 
124.90 
98.90 
164.90 
93.00 
152.91 
105.30 
132.05 
104.81 
153.06 
119.10 
56.27 
55.73 
55.53 
lHNMR(JHHinH2) 
8 .01( lH,d,J=10Hz) 
6 .62( lH,dd,J=10&2.5 
Hz) 
6.54 (IH, d, J = 2.5 Hz) 
7.24 (2H, d, J = 2.5 Hz) 
7.14(lH,d,J = 2.5Hz) 
3.96 (6H, s) 
3.94 (3H, s) 
3.90 (3H,s) 
s = singlet, d = doublet spectrum run in CDCI3 at 500 MHz, TMS as internal 
standard, chemical shifts are quoted on 6 scale and J in Hz are presented in 
parenthesis. All signals were assigned by 'H- 'H COSY and 'H- '^C HSQC and '^ C 
NMR spectra. 
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MeO 
m/z312<-^" ni/z327^«-^Mg_ 
m/z 297 
2 
I 
T 
ni/z282 
OMe 
OMe OMe 
O 
CigHigOe 
M"^  tn/z342 
CH3O 
CgH^Os 
m/z 150 
m/z 135 
OCH3 
0CH3 ^ — \ 
0CH3 
C11H12O3 
m/z 192 
m/z 177 
• 
y 
m/z 162 
_ / OCH3 
°"^^_/ 
OCH3 
C9H9O3 
m/z 165 
m/z 150 
t 
m/z 135 
Scheme 2 
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Cfiapter-II 
Fl-5 
It was eluted from the column by benzene-ethyl acetate (7:3) mixture. It gave 
the characteristic colour reactions of isoflavones.'^ ' ^ The UV absorption spectrum 
was similar to that of irosolone and tri-0-methyl-tectorigenin.''* The elemental 
analysis showed a molecular formula CnHnOe and two methoxyl groups. A blue 
colour with ferric chloride and formation of diacetate and dimethyl ether showed the 
presence of two free hydroxyl groups. Specific colour reaction fiirther indicated that 
one of these must be located in the 5-position and the vicinal hydroxyl groups were 
not present. A red shift of 10 nm in the UV spectrum characteristic of 5-hydroxyl 
was observed on addition of aqueous aluminium chloride'^' *^  similar shift of 8 nm 
on addition of fiised sodium acetate suggested a 7-hydroxyl group. 
The H^ NMR spectrum (Table 6) showed a sharp singlet at 5 7.9 for one 
proton characteristic of the H-2 of the isoflavone. Two singlets at 6 3.8 (3H) and 5 
3.9 (3H) indicated the presence of two methoxyl groups. Examination of the 
aromatic protons region showed the typical A2B2 pattern by a doublet centered at 6 
6.9 (J = 10 Hz) and another centered at 6 7.5 (J = 10 Hz), each integrating for two 
protons, thus showing 4'-oxygenation on B-ring. A singlet at 6 6.5 (IH) may be 
assigned to H-8. Thus the compound Fl-5 appeared to be a dimethyl ether of 5, 6, 7, 
4'-tetrahydroxy isoflavone. 
The spectral evidence showed the compound to be to Irisolidone^^(V) ftirther 
confirmed by a comparison of its UV and IR with an authentic sample of irisolidone 
and by co TLC and mixed melting point. 
CH^O^^^^^VJ^ 
OH O 
(V) 
/ ^ O C H s 
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Assignments 
H-2 
H-8 
H-2', 6' 
H-3', 5' 
6XCH3 
4' X CH3 
5-OH 
7-OH 
Table-6 
' H N M R soectral data of Fl-5 
No. of protons 
1 
1 
2 
2 
3 
3 
1 
1 
Signals 
7.9 (s) 
6.5 (s) 
7.5 (d, J =10 Hz) 
6.9 (d, J =10 Hz) 
3.8 (s) 
3.9 (s) 
9.8 (s) 
s = singlet, d = doublet, spectrum run at 300 MHz, TMS as internal standard, values 
are recorded on 5 scale. 
Fl-6 
It was isolated from benzene: ethyl acetate (6:4) eliiate and crystallized with 
chloroform-methanol as white crystalline solid (20 mg), m.p. > 290°C. Elemental 
analysis agreed to the molecular formula C13H10O5. Homogeneity of the compound 
was estabilished by TLC examination using different solvents systems (benzene: 
chloroform 1:1, benzene: acetone 5:1) indicating it to be a pure compound. It 
showed blue fluorescence under UV light. 
It gave effervescence with NaHCOs pointed out the presence of carboxyl 
group which was confirmed by the IR spectrum (Fig-VI). In the hydroxyl regions 
the absorption was evident between 3439 cm"' and 2763 cm'. The OH stretching of 
the carboxyl group is found to appear as a broad band with a series of minor peaks 
between 3227 to 2763 cm"' '^ .^ The low frequency region of the hydroxylic 
absorption can thus be attributed to OH stretching of the carboxyl group. The peaks 
with high frequency region 3439 and 3344 cm"', therefore can be attributed to a 
hydroxyl function. A corresponding peaks at 1708 cm"' is assigned to carbonyl 
group of carboxyl and the another peak at 1781 cm"' is ascribed to the carbonyl 
group of lactone ring. The bands between the range of 1430-1325 cm"' has been said 
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1 Sh 
to arise due to C-0 vibration of carbonyl group . Its UV spectrum showed the 
maximum absorption at 207.5, 268.5, 334 nm supporting the presence of coumarin 
nucleus'^ ' ^°. Analysis with diagnostic shift reagent^ ° gave no shift with AICI3 and 
NaOAc indicating the absence of free hydroxy! at 7 position. It gave a bathochromic 
shift with NaOMe, fiulher supporting the absence of OH group at 5 and 7-position. 
It has been reported the absence of OH at 7- position is rare. No bathochromic shift 
with NaOAc-HsBOa indicating the absence of ortho dihydroxyl grouping. Analysis 
of the spectrum in alkaline medium (addition of one drop of 2M NaOH solution) 
showed a bathochromic shift of 66 nm was observed but with the simultaneous fall 
in intensity of long wavelength band. This pointing of the presence of OH group at 6 
or 8 position.^^^ Further the absence of any shift in the low intensity band rule out 
the possibility of methyl group at 5, 7 or 8 positions. Hence the methyl group 
(shown in NMR spectrum) could only be placed at 6-position. The remaining 8-
position can only be assigned for hydroxyl group. 
It is further supported by the 'H NMR spectrum (Fig-VII, Table 8) which 
shows the presence often protons. A pair of ortho- coupled doublets at 8 5.23 (J = 9 
Hz) and 6 6.88 (J = 9 Hz) integrating for one proton each have been assigned to the 
hydrogens attached to the a, P- unsaturated carbons of the acid moiety (1), coupling 
constant of which indicate the hydrogen to be cis oriented. 
—CH=CH-C02H 
(1) 
Now the moiety (1) can be placed at 3 or 4 position of the coumarin nucleus 
since it is reported that H-4 proton appeared at downfield as compare to H-3 
proton'^ , therefore a proton singlet at 6 8.04 is attributed to H-4 proton and the 
moiety (1) is thus placed at C-3 position. An independent singlet of two protons at 5 
5.78 is ascribed to H-5 and H-7 protons. The remaining singlet integrating for three 
protons at 6 2.08 corresponded to aromatic methyls placed at C-8 position. The 
above assigned structure is further supported by the mass spectrum (Fig-VIII, 
Scheme III) which showed the molecular ion peak at m/z 246. The fragment ion at 
m/z 175 corresponding to the loss of-CH=CH-C02H (C3H3O2) from the molecular 
ion peak. The fragments at m/z 231 and 202 showed the loss of methyl and CO2 
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from the molecular ion. The other fragments were rationalized from the Scheme II. 
Due to lack of enough quantity correlation spectral studies could not be carried out. 
On the basis of above spectral studies, the compound Fl-6 was identified as 
6- methyl-8- hydroxyl coumarin- 3(prop-2-en-l-oic acid) (VI). To the best of our 
knowledge it was found to be a new compound. 
OH 
0 - ^ 0 
COOH 
(VI) 
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Table-7 
UV spectral data of FL-6 
Reagents Mai^ nm 
Fl-6 + MeOH 
Fl-6 + AICI3 
Fl-6 + NaOAc 
Fl-6 + NaOAc + H3BO3 
Fl-6 + NaOMe 
207.5,268.5,334 
208,269,335 
207.5,268, 336 
207.5,268, 336.5 
220,259.5, 280,400 
*H-NMR 
Assignments 
CH3 
a-H of acid moiety 
p-hydrogen of acid moiety 
H-5,7 
H-4 
OH of acid moiety 
8-OH 
Table-8 
spectral data of FL-6 
No. of protons 
3 
1 
1 
2 
1 
1 
1 
Signals 
2.08 (s) 
5.23 (d, J = 9 Hz) 
6.88(d,J = 9Hz) 
5.78 (s) 
8.04 (s) 
8.50 
10.52 
s = singlet, d = doublet, spectrum run at 300 MHz, TMS as internal standard, values 
are recorded on 5 scale. 
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m/z231-* -CH3 
m/z202*-
X 
m/zl87 
• X 
I 
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m/zl86 
-CO, 
u 
1 
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COOH 
0 
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X 
1 
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Fl-7 
It was eluted from the column with benzene-ethyl acetate (6:4-1:1) and 
crystallized with chloroform-methanol as yellow crystals (25 mg), m.p. 228-23 l^C. 
The compound is found to be a flavananol as it gave a red colour on reduction with 
magnesium and hydrochloric acid and a brownish yellow colour with sodium 
amalgam followed by acidification/*^ Analysis of the functional groups revealed the 
presence of phenolic OH (3325 cm''), ketone (1690 cm'*). The UV spectrum showed 
>^ ax at 290 and 328 (sh). The bathochromic shifts with AICI3, NaOAc and NaOMe 
indicated the presence of 5, 7, 4'-hydroxyls. The acidic stability of AICI3 complex 
and negative borate test ruled out the presence of ortho-dihydroxyl grouping. Thus 
on the basis of colour reactions, IR and UV data with diagnostic shift reagents it 
appeared to be a flavananol with free hydroxyls at 5, 7,4' position. 
The 'H N M R spectrum (Table 9) showed the presence of two independent 
doublets at 5 4.35 (J = 11 Hz) and 6 5.12 (J = 11 Hz) were assigned to C-2 protons 
resectively. The 5, 7-disubstitution of ring A was demonsfrated by two meta-coupled 
doublets at 5 6.70 (J = 2.5 Hz) and 5 6.93 (J = 2.5 Hz), assigned to C-6 and C-8 
protons respectively. Two ortho coupled doublets at 6 7.50 (J = 9.5 Hz) and 7.63 (J 
= 9.5 Hz) indicated the A2B2 pattern of ring B assignable to H-2', 6' and H-3', 5' 
protons respectively. 
The compoxmd formed tetraacetate derivative, m. p. 125-126°C and on 
sodium bisulphate oxidation gave kaempferol, m.p 280-282°C. 
On the basis of the above results, Fl-7 was characterized as 
Dihydrokaempferol (VII) 23 
OH 
^ O H 
OH O 
(VII) 
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Assignments 
H-2 
H-3 
H-5 
H-8 
H-2', 6' 
H-3', 5' 
5-OH 
7-OH 
3-OH 
Table 9 
*H NMR spectral data of Fl-7 
No. of protons 
1 
1 
1 
1 
2 
2 
1 
1 
1 
Signals 
5.12 (d, J = 11 Hz) 
4.35 (d, J =11 Hz) 
6.70 (d, (J = 2.5 Hz) 
6.93 (d, J = 2.5 Hz) 
7.50 (d, J = 9.5 Hz) 
7.63, d, J = 9.5 Hz) 
12.90 (s) 
10.35 (s) 
9.89 (s) 
s = singlet, d = doublet, spectrum run in DMSO-dg at 400 MHz, TMS as internal 
standard, values are recorded on 5 scale. 
Fl-8 
Fl-8 was eluted from the column by ethyl acetate-methanol (9:1-8:2) mixture 
as amorphous yellow powder (175 mg, m.p.l96-97°C) which was crystallized with 
methanol as yellow needle shaped crystals. The characteristic colour test and 
spectral feature indicated it to be a flavone glycoside. Fl-8 on hydrolysis with 6% 
aqueous HCl gave an aglycone m. p.346°C which was identified as apigenin (Villa) 
by m.p., m.m.p., co TLC, 'H NMR spectrum and equimolar quantities of glucose 
and rhamnose. The sugars were identified by paper chromatography and GLC of 
alditolacetate. 
The methylation of the Fl-8 followed by hydrolysis gave an aglycone, 
characterized as 4', 5'- dimethoxy 7-hydroxyflavone (Vlllb) by spectral studies. 
Acetylation of the glycoside with acetic anhydride and pyridine afforded an acetate 
m.p.215-216°C(Table9). 
The H^ NMR of the acetate (Table 10) indicated it to be an octaacetate 
derivative as it showed the presence eight acetoxyl groups (2 aromatic and 6 
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aliphatic) integrating for 24 protons at 5 1.81-2.51. The A ring proton signals 
showed doublets at 5 6.66 and 6.90 (J = 2.5 Hz) assigned to 6 and 8 protons, 
respectively. The B-ring protons showed an A2B2 pattern through two doublets at 5 
7.78 and 5 7.19 (J = 8.5 Hz, each) assigned to 2', 6' and 3', 5' protons respectively. A 
sharp singlet at 6 6.50 integrating for one proton is ascribed to C-3 proton of a y 
pyrone nucleus. 
Quantitative estimation of sugar and periodate oxidation of the glycoside 
further confirmed the sugar moiety as disaccharide and both the sugars to be in 
pyranose form. Mild acid hydrolysis with 1% aqueous H2SO4 showed rhamnose to 
be the terminal sugar. Hydrolysis of the permethylated glycoside yielded 3, 4, 6-tri-
0-methyl-D- glucose and 2, 3, 4-tri-O-methyl-L-rhamnose confirming intersugar 
linkage as neohesperidoside (1—>^ 2). A doublet at 6 1.21 in 'H N M R spectrum of the 
acetate due to the rhamnose methyl proton and the integration of the region 5 3.79-
4.45 and 5 4.64-5.59 gave further evidence for a 1—••2 linkage^'. Hydrolysis of Fl-8 
with diastase liberated fi-ee rhamnose indicating its a nature. After partial hydrolysis 
of the glycoside with diastase, it was hydrolysed with ahnond emulsion, glucose 
being observed in the hydrolysate showed its p nature. 
On the basis of these facts Fl-8 was assigned the structure Apigenin 7-0-
neohesperidoside (VIII)}^ 
68 
4" CH2 „ 
4" HO 
(VIII) 
OH O 
(Villa) 
Chapter-II 
\ // 
OH 
\ / 
OH 
H3C6 O 
\ / 
OCH3 
(vmb) 
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Assignments 
H-2', 6' 
H-3', 5' 
H-3 
H-8 
H-6 
H-l",3",4" 
H.l'",2"',3"',4"' 
H-2", 5", 6" 
H-5"' 
Rhamnosyl CH3 
Acetyl protons 
Table 10 
' H - N M R spectral data of FI-8 Ac 
No. of protons 
2 
2 
1 
1 
1 
7 
5 
3 
24 
Signals 
7.78 (d, J = 8.5 Hz) 
7.19 (d, J = 8.5 Hz) 
6.50 (s) 
6.90 (d, J = 2.5 Hz) 
6.66 (d, J = 2.5 Hz) 
4.64-5.59 (m) 
3.79-4.45 
1.21(d,J = 6Hz) 
1.81-2.51 (m) 
s = singlet, d = doublet, m = multiplet, spectrum run in CDCI3 at 300 MHz, TMS as 
internal standard, chemical shifts are quoted on 6 scale. 
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The melting points were taken on a kofler block and are uncorrected. Ultra Violet 
spectra were measured on Beckmann Model DU and Pye Unicam PU-8800 
spectrophotometers in methanol/ chloroform. IR spectra were taken on Shimatzu IR-
408 Perkin Ehner 1800 (FTIR). The mass spectra were measured both in EI mode on 
Jeol D-300 and FAB mode on Jeol SX 102/DA-6000 mass spectrophotometers. The 
'H N M R and '^ C NMR spectra were recorded on Varian EM 290 MHz, DRX and 
DP 300 MHz, Bruker WM 400 MHz and Bruker AV 500 in CDCb/DMSOds using 
TMS as internal standard. 
The silica gel used for different chromatographic purposes, was obtained 
from E. Merck (India) and E. Merck (Germany), SRL (India). TLC solvent systems 
used were benzene: pyridinerformic acid (BPF, 36:9:5), toluene: ethylformate: 
formic acid (TEF, 5:4:1), ethyl acetate: ethyl methyl ketone: acetic acid: water 
(EtOAc:EtMeCO:AcOH:H20, 20:3:1:1, 5:3:1:1) ethylacetate: methanol: water 
(8:1:1), petroleum ether: benzene (6:4), benzene: chloroform (9:1), chloroform: 
methanol (5:1, 3:1), benzene: acetone (5:1, 4:1), chloroform: methanol: water 
(35:13:2), n-butanol: acetic acid: water (BAW, 4:1:5), n-butanol: ethanol: water 
(BEW, 60:16.5: 28.5), toluene: methanol (4: 1). 
Alcoholic ferric chloride, iodine vapours, aniline hydrogen phthalate and p-
anisidine phosphate solutions were used as spray reagents for visualization of spots 
on TLC and paper chromatograms. 
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EXTRACTION OF THE LEAVES OF FICUS 
LYRATA (MORACEAE) 
The leaves of Ficus lyrata were procured from the fort, A.M.U., Aligarh, 
India and identified by Prof Wazahat Hussain, Department of Botany, A.M.U., 
Aligarh. The air dried powdered leaves (2.5 kg) of Ficus lyrata were successfully 
extracted with petroleum ether, benzene, ethyl acetate, acetone and finally with 
methanol. The petrol and benzene extracts were foimd to contain mainly chlorophyll 
and waxy matter, hence were not examined further. The ethyl acetate and acetone 
concentrates responded positively to colotir test for flavonoids' and when examined 
on TLC plates in different solvent systems viz toluene: ethyl formate: formic acid 
(TEF, 5: 4: 1); benzene: pyridine: formic acid (BPF; 36: 9: 5); toluene: pyridine: 
acetic acid (TPA, 10: 1: 1); ethyl acetate: ethyl methyl ketone: acetic acid: water (20: 
3: 1: 1) were found to contain same compounds in varying concentrations. The 
above concentrates were, therefore, mixed together and subjected to colunm 
chromatography over silica gel. 
The column was eluted with petrolexun ether-benzene mixture in different 
ratio (9: 1-1: 1), benzene and benzene: ethylacetate (9:1-1: 1), ethylacetate and ethyl 
acetate: methanol (9: 1-1:1) and fmally with methanol as eluting solvents. The 
fi-actions showing the similar behaviour on TLC examination and same IR spectra 
were mixed together. Repeated column chromatography followed by fi-actional 
crystallization afforded eight crystalline compoimds, marked as Fl-1, Fl-2, Fl-3, FI-
4, FI-5, FI-6, Fl-7 and FI-8. 
Fl-1 
Fl-1 was eluted from colimm by petroleum ether-benzene (6:4-1:1) mixture. 
Purification by repeated crystallization fi-om chloroform-ethanol gave colourless 
crystals. Yield 80 mg, m. p. 270-3°C. 
Analyzed for C30H48O3: 
Calcd : C, 78.90; H, 10.59% 
Observed : C, 78.84; H, 10.54 % 
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iRv-JCm-' 
3175, 2980, 1725, 1710, 1645, 1470, 1458, 1386, 1345 1250, 1210 1170, 
1029. 1470 (C=C), 1345, 1210. 
^H-NMR (290 MHz, CDCI3), values on 8 scale: 
5.15 (IH, d, J = 11.2 Hz, H-12), 3.50 (IH, dd, J = 5.5, 9.3 Hz, H-3a), 1.23 
(3H, brs, CH3-25), 1.03 (3H, brs, CH3-23), 0.91 (3H, brs, CH3-24), 0.86 (3H, d, J = 
6.5 Hz, CH3-3O), 0.81 (3H, d, J = 6.3 Hz, CH3-29), 0.79 (3H, brs, CH3-27), 0.67 
(3H, brs, CH3-26). 
Mass m/z (relative Intensity): 
456 [M^] (16.9), 440 (21.2), 438 (19.2), 410 (18.7), 248 (37.1), 233 (16.5), 
207 (15.8), 203 (31.2), 192 (18.6), 189 (30.1), 188 (17.6), 177 (16.5), 174 (16.2), 
173 (16.3), 162 (15.8), 159 (18.3), 144 (28.8). 
Acetylation of Fl-1: 
The compound Fl-1 (50 mg) was acetylated by heating it with acetic 
anhydride (2 ml) and pyridine (1 ml) on a boiling water bath for 4 hours. The 
reaction mixture was cooled at room temperature and poured over crushed ice. The 
solid was washed well with water and dried. On crystallization from methanol, it 
gave colourless crystals Fl-1 Ac (35 mg) m.p. 290''C. 
'H-NMR (290 MHz, CDCI3), values on 8 scale: 
0.7-1.25 (7 X CH3), 2.0 (3H, s, -OCOCH3), 4.00 (IH, m, H-3), 5.20 (IH, m, 
H-12). 
Mass m/z (relative Intensity): 
498 [M^] (22.0), 438 (35.0), 249 (40.0), 248 (32.0), 203 (27.0), 189 (39.0). 
73 
CBapter-II 
Methylation of Fl-lAc: 
The acetate Fl-lAc (25 mg) was treated with an excess of ethereal solution of 
diazomethane and left overnight at room temperature. It was filtered next morning 
and the ethereal solution was evaporated to dryness. The residue on crystallization 
from methanol gave a colourless crystalline compound Fl-lAcM (18 mg), m.p. 
2\0°C. 
' H - N M R (290 MHz, CDCI3), values on 8 scale: 
0.72-1.23 (7 X CH3), 2.0 (3H, s, -OCOCH3), 3.60 (3H, s, -COOCH3), 3.52 
(IH, m, H-3), 5.17 (IH, m, H-12). 
Mass m/z (relative Intensity): 
512 [M^] (18.0), 452 (31.0), 262 (37.0), 249 (42.0), 203 (21.0), 189 (19.0). 
Fl-2 
Fl-2 was obtained from the column by benzene eluate. It was crystallized 
from benzene-chloroform as white shining crystals (140 mg), m. p. 202-03°C. It 
gave greenish colour with alcoholic solution of ferric chloride. 
Analyzed for C8H8O4: 
Calcd : C, 57.14; H, 4.80% 
Observed : C, 57.12; H, 4.76% 
I R v - ^ C m - ^ 
3250,1665,1600,1466 etc. 
' H - N M R (300 MHz, CDCI3), values on 5 scale: 
12.02 (IH, s, OH), 11.20 (IH, s, OH), 9.57 (IH, s, OH), 7.26 (IH, d, J = 9 
Hz, H-6), 6.63 (IH, d, J = 9 Hz, H-5), 2.08 (3H, s, CH3). 
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Mass m/z (relative intensity): 
168 [M^] (14), 153 [M-CH3] (48), 150 [M-H2O] (34), 140 [M-CO] (78), 125 [M-
COCH3] (42). 
Fl-3 
Fl-3 was obtained from the column by benzene-ethyl acetate (9:1) mixture. It 
was crystallized from benzene-acetone as white shining crystals (60 mg), m. p. 77-
78°C. It gave greenish colour with alcoholic solution of ferric chloride. 
Analyzed for C10H12O4: 
Calcd 
Observed : 
IRvffrCm' : 
C, 61.22; H, 6.16% 
C, 61.14; H, 6.18% 
3310,1680,1610, 1475 etc. 
*H-NMR (300 MHz, CDCI3), values on 8 scale: 
9.0 (IH, s, OH), 7.08 (2H, s, H-3 & H-5), 3.83 (6H, s, 2 x OCH3), 2.26 (3H, 
s, COCH3). 
Mass m/z (relative intensity): 
196 [IVT] (10), 181 [M-CH3] (50), 166 [181- CH3] (9), 165 [166-H] (15), 138 [166-
CO] (100). 
Fl-4 
Fl-4 was eluted from the column with benzene-ethyl acetate (8:2) and 
crystallized with chloroform-methanol as yellow crystals (35 mg), m.p. 144-45^C. 
Analyzed for CigHigOe: 
Calcd : C, 63.66; H, 5.30 % 
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Observed : C, 63.54; H, 5.26 % 
UV with shift reagents, >.max nm: 
MeOH 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/ H3BO4 
NaOMe 
IRvf!:Cm-' : 
249,363 (m) 
249, 363, 365 (sh) 
249, 364, 365 
249,250, 363 
248,362, 363 
249, 363 
2980 (br, OH), 1670,1480 (C-C). 
*H-NMR (500 MHz, CDCI3), values on 6 scale: 
8.01 (IH, d, J = 10 Hz, H-5), 7.24 (2H, d, J = 2.5 Hz, 2', 6'), 7.14 (IH, d, J = 
2.5 Hz, H-4'), 6.62 (IH, dd, J = 10 & 2.5 Hz, H-6), 6.54 (IH, d, J = 2.5 Hz, H-8), 
3.96 (6H, s, 2 X OCH3), 3.94 (3H, s, CH3), 3.90 (3H, s, CH3). 
"C-NMR (500 MHz, CDCI3), values on 8 scale: 
180.19 (C-4), 164.90 (C-7), 155.05 (C-2), 153.06 (C-3', 5'), 152.91 (C-9), 
142.05 (C-3), 132.05 (C-l'), 124.90 (C-5), 119.10 (C-4'), 105.30 (C-10), 104.81 (C-
2\ &), 98.90 (C-6), 93.00 (C-8), 56.27 (2 x OCH3), 55.73 (OCH3), 55.53 (OCH3). 
Mass m/z (relative Intensity): 
342 [M^] (36), 327 [M-CH3] (44), 312 [M - 2XCH3] (26), 297 [M - 3XCH3] 
(34), 282 [M - 4XCH3] (16), 192 (28), 177 (16), 165 (46), 150 (24), 135 (20) etc. 
Fl-5 
Fl-5 was eluted from the column by benzene-ethyl acetate (7:3) mixture. The 
yellow solid obtained, on several crystallization from methanol gave light yellow 
shining needles (80 mg), m.p. 192-93°C. It gave blue colour with ferric chloride, 
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positive test with boric acid, boric acid in acetic anhydride (dimorth reagent) and 
negative test with sodium amalgum. 
Analyzed for CITHHOS: 
Calcd : 
Observed : 
C, 64.96; H, 4.45 % 
C, 64.82; H, 4.36 % 
IRvf lCm^ 
3520,1650,1630,1602,1575,1512,1450, 1060,1035, 990, 835. 
UV with shift reagents, "k^M nm: 
EtOH 
AICI3 
AICI3 + HCl 
NaOAc 
NaOAc + H3BO3 
NaOMe 
270,334 
280,333 
279, 334 
277, 341 
276,340 
271,374 
*H-NMR (300 MHz, CDCI3), values on 8 scale: 
7.9 (IH, s, H-2), 7.5 (2H, d, J = 10 Hz, H-2', 6'), 6.9 (2H, d, J = 10 Hz, H-3', 
5'), 6.5 (IH, s, H-8), 3.9 (3H, s, OCH3), 3.8 (3H, s, OCH3). 
Acetylation of Fl-5: 
Fl-5 (15 mg) was dissolved in pyridine (0.5 ml) and acetic anhydride (1 ml) 
was added to it. The mixture was allowed to stand for 24 hours at room temperature. 
After 24 hours crushed ice was added to it and stirred vigorously. The dirty white 
solid separated was crystallized from methanol in colourless needles, m.p. 162-63*'C. 
Analyzed for C21H16O8: 
Calcd 
Observed 
C, 63.31; H, 4.52% 
C, 63.42; H, 4.62 % 
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Methyl ether: 
A mixture of Fl-5 (25 mg) freshly distilled dimethyl sulphate (0.7 ml), 
anhydrous potassium carbonate (1 gm), and dry acetone (20 ml) was refluxed for 36 
hours. The reaction mixture was filtered and the inorganic residue washed several 
times with hot acetone. The washings were combined and concentrated to a smaller 
volume. Water was added to the concentrate. The dirty white precipitate obtained, 
was washed with water and dried. On crystallization from ethylacetate colourless 
plates (13 mg) m.p. ISl^C were obtained. 
Analyzed for C19H18O6: 
Calcd : C, 66.66; H, 5.26% 
Observed C, 66.48; H, 5.29 % 
Fl-6 
Fl-6 was eluted from column with benzene: ethyl acetate (6:4) mixture. 
Purification by repeated crystallization from chloroform- methanol gave white solid. 
Yield 20 mg, m.p. 290°C. 
Analyzed for C13H10O5: 
Calcd : C, 63.42; H, 4.09 % 
Observed : C, 63.38; H, 4.06 % 
UV with shift reagents, Xmax nm: 
MeOH 
AICI3 
NaOAc 
NaOAc/ H3BO4 
NaOMe 
207.5,268.5, 334 
208, 269,335 
207.5,268, 336 
207.5,268, 336.5 
220,, 259.5,280,400 
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max ' - ' " ' 
3439 and 3344 (OH of carboxylic group), 2763, 1781 (C=0 of lactone), 
1708 (C=0 of carboxylic group), 1430 (C-0). 
*H-NMR (300 MHz, CDCI3), values on 6 scale: 
10.52 (IH, s, 8-OH), 8.50 (IH, s, OH of acid moiety), 8.04 (IH, s, H-4), 6.88 
(IH, d, J = 9 Hz, p-H of acid moiety), 5.78 (2H, s, H-5, H-7), 5.23 (IH, d, J = 9 Hz, 
a -H of acid moiety), 2.08 (3H, s, CH3). 
Mass m/z (relative Intensity): 
246 [M^] (28), 231 (15), 228 (30), 218 (35), 202 (18), 200 (16), 187 
(12)/186 (10), 184 (35), 175 (58), 147 (17), 131(28). 
Fl-7 
Fl-7 was isolated from benzene: ethyl acetate (6:4-1:1) mixture. On several 
crystallization from chloroform-methanol, it gave yellow crystals, (25 mg), m.p. 
228-31°C. It gave pink colour on reduction with magnesium and hydrochloric acid 
and a light yellow colour with Wilson boric acid reagent. 
Analyzed for C15H12O6 
Calcd : 
Observed : 
v^*' Cm* • 
C, 62.50; H, 4.20 % 
C, 62.38; H, 4.26 % 
3325 (OH), 1690 (C=0, a, p unsaturated), 1570, 1416, 1365, 1270, 1214, 
1120,1020, 825 (aromatic substitution pattern). 
*H-NMR (CDCl3,400 MHz,), values on 8 scale: 
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12.90 (s, 5-OH), 10.35 (s, 7-OH), 9.89 (s, 3-OH), 7.63 (d, H-3', 5', J = 9.5 
Hz), 7.50 (d, H-2', 6', J - 9.5 Hz), 6.93 (d, H-8, J = 2.5 Hz), 6.70 (d, H-6, J = 2.5 
Hz), 5.12 (d, H-2, J - 11 Hz), 4.35 (d, H-3, J - 11 Hz). 
MS data: m/z (relative intensity): 
288 [M""] (46), 270 [M-18] (20), 260 [M-CO]^ (18), retro-Dies Alder 
fragment 153 [A,+ H]^ (100), 136 [B2]* (38), 107 (68). 
Fl-8 
Fl-8 was isolated from ethyl acetate-methanol (9:1-8:2) mixture as 
amorphous yellow powder. On crystallization from dilute ethanol it gave 
microscopic yellow needles (175 mg), m. p. 196-97°C. 
Analyzed for CZTHSOOI? 
Calcd : C, 51.75; H, 4.79% 
Observed : C, 51.89; H, 4.86 % 
UV with shift reagents, Xmax nm: 
MeOH 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/ H3BO3 
NaOMe 
vff: Cm-' : 
270,333 
282,345,389 
284,343,389 
271,389 
271,334 
240 sh, 269,301 sh, 385 
3350,1665, 1645, 1600 etc. 
AcetylationofFl-8: 
Crystalline Fl-8 (30 mg) was crystallized by heating it with acetic 
anhydride (2.0 ml) and pyridine (1.0 ml) and allowed to stand overnight at room 
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temperature and then heated on water bath for two hours. After usual work up the 
acetylated Fl-8Ac was obtained and crystallized from methanol as white needles, m. 
p.215-16°C. 
^H-NMR (CDCl3,300 MHz,), values on 5 scale: 
7.78 (2H, d, J = 8.5 Hz, H-2', 6'), 7.19 (2H, d, J = 8.5 Hz, H-3', 5'), 6.90 (IH, 
d, J = 2.5 Hz, H-8), 6.66 (IH, d, J = 2.5 Hz, H-6), 4.64-5.59 [7H, m, H-1", 3", 4", 
(glucosyl), H-1'", T\ 3'", 4'" ], 3.79-4.45 [(5H, m, H-2", 5", 6", H-5"'), 1.81-2.51 
(24H, m, acetyl protons), 1.21 (3H, d, J = 6 Hz, rhamnosyl-CHa). 
Hydrolysis of Fl-8: 
An alcoholic solution of Fl-8 (35 mg) was heated with an aq. 6% HCl on a 
water bath. Heating was continued for two hours to ensure complete hydrolysis. The 
yellow solid separated out from the aqueous hydrolysate was filtered and 
crystallized from methanol to give yellow needles, Fl-8ag (25 mg), m. p. 346°C. 
Analyzed for CisHioOs 
Calcd : C, 66.66; H, 3.73 % 
Observed : C, 66.59; H, 3.67 % 
UV with shift reagents, Xmax nm: 
MeOH 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/ H3BO3 
NaOMe 
267,295 sh, 337 
276,301,379 
275,299, 378 
274,300,381 
267,301,342 
276, 322, 388 
'H-NMR (CDCl3,300 MHz,), values on 8 scale): 
6.55 (IH, s, H-3), 6.65 (IH, d, J = 2.5 Hz, H-6), 6.70 (IH, d, J = 2.5 Hz, H-
8), 7.20 (IH, d, J = 9 Hz, H-3', 5'), 7.75 (2H, d, J = 9 Hz, H-2', 6'X* 12.5 (IH, s, 5-
OH), 11.01 (IH, s, 7-OH), 10.5 (IH, s, 4'-0H). 
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Identincation of sugars: 
The neutral aqueous hydrolysate was examined by paper chromatography 
employing n-butanol: acetic acid: water (4: 1: 5) as the developing solvent and using 
authentic sugars as checks. The chromatograms were sprayed with aniline hydrogen 
phthalate and heated at 110°C for 5 minutes. The sugars were identified as D-
glucose (Rf 0.18) and L-rhamnose (Rf 0.36). 
Partial hydrolysis of Fl-8: 
The glycoside (60 mg) was hydrolysed by refluxing with 1% H2SO4. 
Aliquots were taken out at different intervals and examined by paper 
chromatography. After one hour, it yielded a partial glycosidic compound Fl-8 pg 
(44 mg) and a sugar identified as rhamnose. Fl-8 pg was crystallized from methanol 
as yellow needles (39 mg), m.p. 175°C; UV spectral data were same as that of Fl-8. 
Acid hydrolysis of Fl-8 pg: 
Fl-8 pg (20 mg) on hydrolysis with 6% aqueous HCl for two hours gave 
apigenin (6 mg) identified by m. p. co TLC with authentic samples. 
Enzymatic hydrolysysis of Fl-8 pg: 
Fl-8 pg (11 mg) was hydrolysed with emulsion, prepared fi-om almond at 30-
40''C for 70 hours. Liberation of glucose in the hydrolysate was confirmed by paper 
chromatography. 
Permethylation and hydrolysis of Fl-8 (Hakomori's method): 
Fl-8 (50 mg) was permethylated by Hakomori's method as described earlier. 
The methylated product on hydrolysis with aq. HCI-CH3COOH gave apigenin-4'-5'-
dimethyl ether, 3, 4, 6-tri-O-methyl-D-glucose (Rf 0.45) and 2, 3, 4-tri-O-methyl-L-
rhamnose (Rf 0.76) (TLC Si-gel, toluene-methanol, 4:1). 
Estimation of sugar: 
Estimation of sugar was done by the method described earlier. The ratio of 
the aglycone to glycoside was 42.7%, indicating the presence of two moles of sugar 
per mole of aglycone. 
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C/ietnicaC constituents 
from tHeflowers of 
Saussurea sacra 
(Discussion 
Cfiapter-III 
CHEMICAL CONSTITUENTS FROM THE FLOWERS 
OF SAUSSUREA SACRA (COMPOSITAE) 
The genus Saussurea consists of annual, biennial or perennial herbs 
distributed in the temperate region of Asia, Europe and North America. About 47 
species are reported in India'^ out of which nine are found in Kashmir"'. Only few 
of these have so far chemically analysed . Saussurea sacra locally known as "Jogiraj 
or Jogipathsha" is extensively used as a medicinal herb in Unani medicine^ for a 
number of chronic ailments like stomach ulcers, piles, bronchitis, cardiac disorders, 
nose bleeding, impotency, chronic skin diseases and rheimiatism etc. Earlier reports 
from this plant is the isolation of alkaloids saussurol, colchinine and terpenoids 1-
cadinol, limonene and P amyrinol''. 
The medicinal importance and scanty of work on this plant promoted us to 
undertake the comprehensive investigation of the flowers of Saussurea sacra. The 
present discussion deals with the isolation and characterization of the following 
compounds. 
1. p-hydroxy acetophenone 
2. 3-methoxy kaempferol 
3. Acacetiii-7-neohesperidoside 
4. Quercetin 3-O-arabmoside 
5. kaempferol-3-0-a-L-rhamnopyranoside-4'-0-P-D-glucopyranoside(New 
compound) 
Flowers of Saussurea sacra collected from the Kashmir valley were air dried 
and powdered. The powdered flowers were exhaustively extracted with ethanol. The 
ethanol exfract was concentrated under reduced pressure and then extracted 
successively with petrol, benzene, ethyl acetate and acetone. The petrol and benzene 
extracts were found to contain mainly chlorophyll and waxy matter. The ethyl 
acetate and acetone extracts responded positively to flavonoidic tests^ and showed 
similar behaviour on TLC examination in different solvent systems (toluene: ethyl 
formate:formic acid, 5:4:1; benzene: pyridine: formic acid, 36: 9: 5; toluene: 
pyridine: acetic acid, 10:1:1; ethyl acetate: ethyl methyl ketone: acetic acid: water, 
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20:3:1:1). Hence they were mixed together and chromatographed over silica- gel 
column. Elution of the column with benzene-ethyl acetate (9:1-1:1) yielded two 
compounds Ss-1 and Ss-2 in different fractions. They were separated through 
repeated crystallizations while ethyl acetate-acetone (9:1) eluate yielded a compound 
Ss-3 along with some impurities which were removed by preparative TLC (ethyl 
acetate: ethyl methyl ketone: acetic acid: water, 20:3:1:1). Further elution of the 
column with ethyl acetate-acetone (8:2-6:4) gave fractions which showed the 
mixture of the compoimds Ss-4 and Ss-5 which were separated by preparative thin 
layer chromatography (ethyl acetate: ethyl methyl ketone: acetic acid: water, 
5:3:1:1). 
Ss-1 
It was crystallized with benzene- chloroform as white crystals, m.p. 107-
110°C. It gave positive test with alcoholic FeCla. The IR spectrum showed the 
bands at 1450 (C=C), 1650 (C=0) and 3400 cm"' (OH) and UV spectrum gave K^ 
at 310nm. The 'H N M R spectrum (Table-1) exhibited a sharp singlet at 6 2.6 
integrating for three protons, assigned to CH3. A pair of ortho- coupled doublets at 6 
6.93 (J=9Hz) and 5 7.91 (J=9Hz) were ascribed to H-3, 5 and H-2, 6 protons 
respectively. The mass spectrum showed a molecular ion peak [M^ ] at m/z 136. 
In the light of the above results the compound Ss-1 was assigned the 
stmctme as p-hydroxy acetophenone (I). 
O 
II 
C-CH3 
OH 
(I) 
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Assignments 
CH3 
H-3,5 
H-2,6 
Table-1 
*H-NMR spectral data of Ss 
No of protons 
3 
2 
2 
-1 
Signals 
2.6 (s) 
6.93 (d, J= 
7.91 (d, J= 
=9 Hz) 
=9 Hz) 
s = singlet, d = doublet, spectrum run in CDCI3 at 400 MHz, TMS as internal 
standard, values are recorded on 5 scale. 
Ss-2 
Ss-2 was crystallized from methanol as yellow crystals m.p. 280-82*'C. It 
gave a greenish brown colour with FeCls and responded positively for colour test of 
flavones (colour with sodium amalgam/Hg-HCl). Its IR spectrum showed the 
characteristic bands at 3350 (br, OH), 1650 (C=0) and 1485 cm'^  (C=C). The UV 
spectrum with diagnostic reagents (TabIe-2) showed the presence of free hydroxyls 
at 5, 7, 4'-positions. The 'H-NMR spectrum (Table 3) showed a singlet at 5 3.74, 
integrating for 3 protons, assigned to 3-OMe group. Two independent meta- coupled 
doublets at 5 6.57 (J=2.5 Hz) and 6.79 (J=2.5 Hz) were attributed to 6 and 8 protons 
of A ring. A pair of ortho- coupled doublets at 5 6.93 (J= 9Hz) and 5 7.91 (J= 9 Hz) 
were assigned to H-3', 5' and H-2', 6' protons of B ring. The mass spectrum gave the 
molecular ion peak atm/z 300, The fragment ion at m/z 285 showed M -^ Me. 
On the basis of above results, the compound Ss-2 was characterized as 3-
methoxy kaempferof (5, 7, 4'-tri hydroxy- 3- methoxy flavonol) (II). 
OH O 
(II) 
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Table-2 
UV spectral data of Ss-2 
Reagents M^«x (nm) 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/HsBOa 
268,280,350 
276.393 
268,298,351 
268,299,347, 389 
275.394 
267,348 
Table-3 
'H-NMR spectral data of Ss-2 
Assignments 
H-6 
H-8 
H-3', 5' 
H-2', 6' 
OMe 
No of protons 
1 
1 
2 
2 
3 
Signals 
6.57 (d, J=2.5 Hz) 
6.79 (d, J=2.5 Hz) 
6.93 (d, J=9 Hz) 
7.91 (d, J=9 Hz) 
3.74 (s) 
s = singlet, d = doublet, spectrum run in DMS0-d6 at 400 MHz, TMS as internal 
standard, values are recorded on 5 scale. 
Ss-3 
The compound Ss-3 was crystallized vsdth methanol-ethyl acetate as light 
yellow crystals, m.p. 266-268''C. The glycosidic nature of Ss-3 was evidenced by the 
positive Molish test. It gave greenish brown colour with ferric chloride. The 
flavonoidic nucleus was evidenced by positive Shinoda test^  and its UV spectrum 
which showed A,Max at 269 and 325 nm. Analysis with diagnostic reagents*^ gave a 
bathochromic shift of 32 nm with AICI3 indicating the presence of free hydroxyl 
group at 5 position. The possibility of its being a flavanone glycoside was eliminated 
as it gave yellow colour with Wilson boric acid reagent^ . 
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Its infrared spectrum displayed a carbonyl group at 1665 cm', phenolic 
hydroxyl at 3410 cm"' and a complex aromatic substitution pattern at 1500, 1420, 
1350,1240, 1170 and 800 cm-'. 
Total hydrolysis of Ss-3 with 6% HCl yielded equimolar mixture of 
rhamnose and glucose and an aglycone. The aglycone was characterized as acacetin 
(Va) by spectral, m.m.p. and chromatographic comparison with an authentic 
sample'^ . The sugars were identified by GLC of TMSi ether derivative and co-
chromatography with authentic samples. 
The UV spectra of the aglycone and the glycoside were almost similar except 
that the aglycone gave a shift of 17 imi in band II with NaOAc (absent in glycoside), 
thus suggesting that 7-position is involved in glycosylation. Partial hydrolysis of the 
glycoside (Ilia) with 1 % H2SO4 and a-rhamnosidase yielded L-rhamnose (identified 
by PC, co-chromatography and GLC) and a partial glycoside (IV) indicating 
rhamnose to be the terminal sugar. Partial glycoside on hydrolysis with almond 
emulsion yielded D-glucose. Quantitative estimation of the sugars by "Somogyi's" 
copper micro method" and periodate oxidation'^  of the glycoside fiirther confirmed 
that the sugar moiety is a disaccharide and both the sugars to be in pyranose form. 
The 'H N M R spectrum of Ss-3 (Table 4) in DMSO-dg showed the presence 
of seven aromatic protons. A sharp singlet at 6 6.45 indicated the presence of H-3 
proton, (y pyrone ring). Two meta-coupled doublets at 6 6.75 (J=2.5 Hz) and 5 6.95 
(J=2.5 Hz) integrating for one proton each were assigned to H-6 and H-8 
respectively. Two ortho-coupled doublets at 5 7.15 (J= 9 Hz) and 5 8.05 (J= 9 Hz) 
integrating for two protons each corresponded to H-3', 5' and H-2', & protons 
respectively. A sharp three protons singlet at 5 3.85 was assigned to methoxyl group. 
A doublet at 5 1.07 (J= 6 Hz) was ascribed to rhanmosyl methyl. The anomeric 
proton of rhamnose H-l'" (rham) appeared as doublet at 8 4.54 (J= 2 Hz) while the 
anomeric proton of glucose H-l" as a doublet was centered at 5 5.09 (J=l 1 Hz). The 
other sugar protons appeared in the range of 6 3.15-5.21. 
Acetylation of Ss-3 with Ac20/pyridine gave a hepta acetate Ss-3 Ac (Illb) 
m.p. 216-220*'C. The 'H NMR spectrum of the acetate (TabIe-5) exhibited multiplet 
at 5 1.60-2.02 integrating for eighteen protons were assigned to aliphatic acetoxyls 
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while the solitary aromatic acetoxyl appeared as a singlet of a three protons at 
5 2.45. A singlet at 5 3.90 integrating for three protons was assigned to methoxyl 
group. It estabilished A2B2 pattern of B ring protons, 2', 6' and 3', 5' protons 
appeared as ortho- coupled doublets (J= 9 Hz each) at 5 7.81 and 7.09 respectively. 
The C-6 and C-8 protons of A-ring appeared as meta- coupled doublets (J= 2.5 Hz 
each) centered at 5 6.60 and 6.72. A singlet at 5 6.25 of one proton was assigned to 
H-3 proton. The anomeric protons of rhamnose (H-l'") and glucose (H-1") were 
centered at 6 4.98 (d, J=2 Hz) and 5 5.25 (J= 11 Hz) respectively. The coupling 
constant of anomeric protons rhamnose and glucose suggested a-L- rhamnose and P-
D- glucose. The signals over the range of 5 3.35- 5.26 account for twelve protons of 
glucose and rhamnose residue. The positions of anomeric protons of rhamnosyl, 
glucosyl moieties and that of rhamnosyl methyl and the absence of characteristic 
signal for 2"- O- acetyl'^ * at 5 1.70 suggested 1^2 inter sugar linkage (attachment 
of rhamnosyl residue at 2"- position of glucose, neohesperidoside). This was further 
confirmed by the identification of methylated sugars. Hydrolysis of the methylated 
glycoside (IIIC) with 0.2 N HCl gave 2, 3, 4- tri- O- methyl rhamnose and 3, 4, 6-
tri- O- methyl glucose (identified by SiOi- TLC and paper chromatography 
according to Petek''*) and partially methylated aglycone (Vb) which was 
characterized as 7- hydroxyl-5,4'- dimethoxy flavone. 
The above assigned structure was further supported by the mass spectrum 
(Scheme-1) of acetylated glycoside (Illb). The molecular ion peak as expected was 
1 ^K 
not observed . The presence of an acetylated deoxyhexopyranoside and a 
hexopyranoside was evidenced by the presence of firagment ions at m/z 273 and 289. 
The firagment ion at m/z 284 corresponded to aglycone. The firagment ion at m/z 284 
corresponded to aglycone. The retro-Dies-Alder cleavage result in the formation of 
ions at m/z 132 and 135 due to B- ring. 
On the basis of the above results, the compound Ss-3 was assigned as 
Acacetin- 7- O- neohesperidoside'^ (Ilia). 
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OR 
OCH3 
OCH, 
R=H 
OR O 
(V) 
\ // 
OCH, 
a.R=H 
b. R= Me 
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Table-4 
*H-NMR spectral data of Ss-3 
Assignments No of protons Signals 
CH3 (rhamnose) 
OCH3 
H-r"(rham) 
H-r'(glu) 
Sugar protons 
H-l",H-2",H-3", H-4", 
H-6", H-1'", H-2"', H-3 
5'", H-6'" 
H-3 
H-6 
H-8 
H-3', 5' 
H-2', 6' 
H-5", ^ 
", H-4'", H 
J 
3 
3 
1 
1 
12 
* • 
1 
1 
1 
2 
2 
1.07(d,J = 6Hz) 
3.85 (s) 
4.54 (d, J = 2 Hz) 
5.09 (J = 2 Hz) 
3.15-5.21 (m) 
6.45 (s) 
6.75 (d, J = 2.5 Hz) 
6.95 (d, J = 2.5 Hz) 
7.15(d,J = 9Hz) 
8.05 (d, J = 9 Hz) 
s = singlet, d = doublet, m= multiplet, spectrum run in DMSO-d^ at 400 MHz, TMS 
as internal standard, chemical shifts are quoted on 8 scale. 
92 
CHapter-III 
Assignments 
CH3 
OCH3 
Aliphatic acetoxyls 
6xOAc 
Aromatic acetoxyl 
5-OAc 
H-r"(rhain) 
H-l"(glu) 
Sugar protons 
Table-5 
*H-NMR spectral data of Ss-3 Ac 
No. of protons 
3 
3 
18 
3 
1 
1 
12 
Signals 
1.15(d,J=6Hz) 
3.90 (s) 
1.60-2.02 (m) 
2.45 (s) 
4.98 (d, J= 2 Hz) 
5.25(d,J=llHz) 
3.35-5.26 (m) 
H-l",H-2",H-3",H-4",H-5", 
H-6", H-1"', H-2'", H-3'", H-47 
H-5'", H-6'" 
Aromatic protons 
H-3 
H-6 
H-8 
H-3'-5' 
H-2', 6' 
1 
1 
1 
2 
2 
6.25 (s) 
6.60(d,J=2.5Hz) 
6.72 (d, J= 2.5 Hz) 
7.09 (d, J= 9 Hz) 
7.81(d,J=9Hz) 
s = singlet, d = doublet, m= multiple!, spectrum run in CDCI3 at 300 MHz, TMS as 
internal standard, chemical shifts are quoted on 5 scale 
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M-Absent 
273 Rham (Ac); 
& 
289 [ Glu (Ac)3 
m/z269 -CH, 
m/z 241 
HO. .0 
OH O 
m/z 152 
OH O 
m/z 284 
\ / 
OCH, 
H C ^ C — ^ />—OCH3 6 = C — ^ / ^ O C H s 
m/z 132 m/z 135 
Scheme 1 
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Ss-4 
The compound Ss-4 was obtained from the column with ethyl acetate-acetone 
(8:2-6:4) eluate. It was crystallized by methanol as yellow needles (100 mg), m.p. 
258°C. The glycosidic nature of the compound Ss-4 was evidenced by positive 
Molish test. The glycoside gave positive test with Mg/HCl and with sodium 
amalgam followed by acidification, yellow colour with Wilson boric acid reagent^  
indicated it to be a 3-substituted flavonol'*. Acetylation of Ss-4 with acetic 
anhydride and pyridine afforded hepta-acetate (Ss-4ac). The 'H N M R spectrum of 
Ss-4ac- (Table-6) showed four aromatic acetoxyls at 5 2.51-2.85, three aliphatic 
acetoxyls at 5 1.86-2.20 and an anomeric proton at 5 5.26 (d, J = 8 Hz) indicating it 
to be a arabinoside. It showed a pair of meta-coupled doublet at 6 6.43 (J = 2.1 Hz) 
and 5 6.22 (J = 2.1 Hz) were ascribed to H-6 and H-8 protons respectively. A quartet 
at 5 7.56 (J = 2.1 & 9 Hz) was assigned to H-6' proton. H-2' and H-5' were appeared 
as doublets at 6 7.48 (J = 2.5 Hz) and 6 7.0 (J = 9 Hz) respectively. Ss-4 on 
hydrolysis with 6% HCl gave an aglycone Ss-4 ag, m.p. 312-314°C which was 
characterized as quercetin by co-TLC with an authentic sample of quercetin and 
mixed melting point. The sugar was found to be arabinose by Rf value, co-paper 
chromatography [(B: A: W 4:1: 5)] with authentic sugar samples. 
The position of the sugar residue in the glycoside was determined by the 
hydrolysis of the methylated glucoside. The partial methyl ether obtained, was 
characterized by melting point and mixed melting point with an authentic sample 
(m.p. 193^ C) as 5, 7, 3', 4'-tetramethoxy quercetin (Via). The formation of 
tetramethylether of quercetin proved the attachment of the sugar residue at C-3 
position of the aglycone. 
The quantitative estimation of sugar by Somogyi's" copper micro method 
showed the presence of one mole of arabinose per mole of aglycone. 
95 
Cfiapter-III 
'H-NMR 
Assignments 
H-6' 
H-2' 
H-5' 
H-8 
H-6 
H-1 (anomeric proton) 
Sugar protons (H-1", 2", 3",4", t 
6") 
4 X Aromatic acetoxyls (3', 4', 5, 
3 X Aliphatic acetoxyls 
TabIe-6 
spectral data of Ss-4 Ac 
No. of 
protons 
5", 6 
7) 12 
9 
Signals 
7.56 (q, J = 2.1 Hz and 9 Hz) 
7.48 (d, J = 2.5 Hz) 
7.0 (d, J = 9 Hz) 
6.43 (d, J = 2.1 Hz) 
6.22 (d, J = 2.1 Hz) 
5.26 (d, J = 2 Hz) 
3.26-5.51 (m) 
2.51-2.85 (m) 
1.86-2.20 (m) 
d = doublet, m = multiplet, spectrum run in CDCI3 at 300 MHz, TMS as internal 
standard, chemical shifts are quoted on 6 scale. 
On the basis of foregoing discussion Ss-4 was identified as Quercetin S-O-
17 
arabinoside (VI). 
OH 
OH ^^^^^^^^^ 
OCH3 
OCH3 
OCH3O 
(Via) 
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Ss-5 
The compound Ss-5 was eluted from the column with ethyl acetate-acetone 
(1:1) and acetone mixture. The examination of the above fraction showed the 
presence of one major spot along with some minor impurities. It was purified by 
preparative TLC over silica gel (ethyl acetate: ethyl methyl ketone: acetic acid: 
water, 10: 3: 0.7: 0.7) followed by crystallization from chloroform-methanol yielded 
yellow granular crystals (100 mg), m.p. 343-44''C. Positive Molish test after 
hydrolysis and formation of osazone confirmed its glycosidic nature. The glycoside 
gave a red colour with Mg/HCl^  and pink color with sodium amalgam followed by 
acidification indicating it to be flavanone or 3-substituted flavonol.'^  The possibility 
of its being a flavanone glycoside was eliminated as it gave yellow colour with 
Wilson-boric acid reagent.^  The spot of the compound appeared deep purple colour 
under UV light which turned yellow on exposing to ammonia vapour fiirther 
supporting the 3-substituted nature of flavonol. 
The analysis of functional groups revealed the presence of a, P imsaturated 
C=0 group (1665 cm''), phenolic hydroxyl group (3400 cm'') and a complex 
aromatic substitution pattern (1615, 1560, 1370, 1140, 800 cm"'), besides a strong 
band at 2950 cm''. The ultra-violet spectrum showed Xmax at 245 sh, 265 and 351 
mn. A bathochromic shift of + 15 run with NaOAc in band II and + 50 mn with 
AICI3 in band I indicated the presence of free 7 and 5-hydroxyl group. The acid 
stability of AICI3 complex and negative borate test ruled out the presence of ortho-
dihydroxyl grouping. 
Total acid hydrolysis of the glycoside with 10% aq. HCl gave equimolar 
quantities of D-glucose, L-rhamnose and an aglycone (Vlllb), characterized as 
kaempferol, m.p. 280-8 l^ C by spectral and chromatographic comparison with 
1 fi 
authentic samples. Its identity as kaempferol was further confirmed by micro 
degradation followed by chromatographic examination of the fragments. The 
chromatogram on spraying with bis-diazotized benzidine revealed two spots 
indistinguishable from those of authentic sample of phlorogucinol and p-hydroxy 
benzoic acid. It gave an acetate, m. p. 180-82°C. The sugars were identified by^f 
value, CO chromatography and GLC of TMSi ether derivative. 
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The glycoside formed a crystalline nonaacetate with AcaO/pyridine (2: 1), m. 
p. 95-97''C. The *H NMR spectrum of acetate (Villa) (Table 9, Fig. I) exhibited two 
meta-coupled doublet at 6 7.29 (J = 2.5 Hz) and 5 6.80 (J = 2.5 Hz), each integrating 
for one proton assigned to H-8 and H-6 respectively. ' H NMR spectrum also showed 
A2B2 pattern of B-ring protons, 2', 6' and 3', 5' protons appeared as ortho-coupled 
doublets (J = 9 Hz each) at 5 8.05 and 5 7.24. A total of 27 protons were observed 
over the range of 5 1.75-2.45, attributed to nine acetoxyl groups. Seven aliphatic 
acetoxyl groups appear in the range of 5 1.75-2.10. The aromatic acetoxyls (5-OAc 
and 7-OAc) were resonated as two independent singlets of three protons each at 6 
2.45 and 5 2.35 respectively. The sugars protons were observed in the range of 5 
3.56-5.51 accounted for twelve protons. The anomeric protons of glucose and 
rhamnose appeared at 5 5.51 (d, J = 9 Hz) and 5.05 (d, J = 2 Hz). The rhamnosyl 
methyl appeared as doublet at 5 1.25 (J = 6 Hz). 
The location of two sugars and the nature of their linkage were confirmed by 
enzymatic hydrolysis. Hydrolysis of glucoside with almond eihulsion gave D-
glucose and a partial glycoside (VIIIc) which gave a bathochromic shift of 42 nm 
with NaOMe in band I without a decrease in intensity (absent in glycoside) thus 
showing that 4'-hydroxyl group which was glycosylated in glycoside had become 
fi-ee. The partial glycoside was identified as kaempferol-3-O-a-L-rhamnoside, m. p. 
177-78°C by direct comparison with authentic samples.'^ Methylation of partial 
glycoside (VIIIc) followed by acid hydrolysis with 10% HCl gave a partial methyl 
ether (Vllld), m. p. 134-36°C, characterized as 3-OH, 5, 7, 4'-trimethoxy flavone 
(kaempferol 4', 5, 7-trimethyl ether) by spectral and chromatographic comparison 
with known authentic samples.^ " The methylated sugar was identified by Si02 TLC 
and paper chromatography as L-rhmanose (Rf 0.76) (TLC, Si gel, toluene: methanol 
4: 1). 
The above assigned structure of the glycoside was fiirther supported by mass 
spectrum (Fig. II). The molecular ion peak as expected was not observed. The 
fragment ions observed at m/z 700 and m/z 642 accounted for the loss of acetylated 
deoxyhexopyranoside and hexopyranoside respectively from the molecular ion. The 
loss of both acetylated sugars resulted in the formation of fragment ion at m/z 370. 
The acetylated hexopyranoside and deoxyhexopyranoside fragments appeared at m/z 
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331 and m/z 273. The aglycone fragment was observed at m/z 286. A retro-Diels-
Alder fragment pattern results in the formation of [Ai + H]"^  at m/z 153 and [Bi]^ at 
m/z 118 by pathway-I and [B2]* at m/z 121 by pathway-II. These results further 
supported the presence of two hydroxyl gropus in ring-A and one hydroxyl group in 
ring-B. 
Quantitative estimation of sugars'^  showed the presence of two moles of 
sugars/mole of aglycone and the periodate oxidation of the glycoside confirmed both 
sugars to be in pyranose form. 
On the basis of these findings Ss-5 was identified as kaempferol-3-O-a-L-
rhamnopyranoside-4-0-P-D-glucopyranoside(Vin). 
OR 
(Vin) R = H 
(Vnia) R = Ac 
CH2OR 
OR 
OH O 
\ 
/KOH 
\ _ / 
OH 
(Vlllb) 
99 
Cfiapter-III 
OH O 
(VIIIc) OH 
CH3O OCH3 
OCH3 O 
(Vllld) 
Table 9 
'H-NMR spectral data of Ss-5 Ac 
Assignments 
H-2', 6' 
H-3', 5' 
H-8 
H-6 
H-1" (glucosyl) 
H-1'" (rhamnosyl) 
[H-1", 2", 3", 4", 5" (glucosyl) 
H-l'", 2'", 3'", 4"' (rhamnosyl)] 
CH3- rhamnosyl 
7-aliphatic acetoxyl 
2-aromatic acetoxyl 
No. of protons 
2 
2 
1 
1 
1 
1 
12 
3 
21 
6 
Signals 
8.05 (d, J = 9 Hz) 
7.24 (d, J = 9 Hz) 
7.29 (d, J = 2.5 Hz) 
6.80 (d, J = 2.5 Hz) 
5.51(d,J = 9Hz) 
5.05 (d, J = 2.0 Hz) 
3.56-5.51 (m) 
1.25(d,J = 6Hz) 
1.75-2.10 (m) 
2.45 (s), 2.35 (s) 
s = singlet, d = doublet, spectrum run in CDCI3 at 400 MHz, TMS as internal 
standard, values are recorded on 5 scale. 
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EXTRACTION OF THE FLOWERS OF SAUSSUREA SACRA 
(COMPOSITAE) 
Dried and powdered flowers of Saussurea sacra (3 kg), prociu e^d from the 
Kashmir Valley, were exhaustively extracted by refluxing them with ethanol. The 
extract was concenterated first at atmospheric pressure and then under reduced 
pressure over a water bath. The dark viscous mass obtained was successively 
refluxed with petroleum ether, benzene, ethyl acetate and finally with acetone. The 
petrol and benzene extracts were found to contain mainly chlorophyll and waxy 
matter, hence were not examined further. The ethyl acetate and acetone concentrates 
when examined on TLC plates in different solvent systems viz toluene: ethyl 
formate: formic acid (TEF, 5:4:1); benzene: pyridine: formic acid (BPF; 36: 9: 5); 
toluene: pyridine: acetic acid (TPA, 10:1:1); ethyl acetate: ethyl methyl ketone: 
acetic acid: water (20:3:1:1) were foimd to contain same compounds in varying 
concentrations. The above concentrates were, therefore, mixed together and 
subjected to column chromatography over silica gel. Elution of the column with 
benzene and benzene- ethyl acetate (9:1-1:1) monitored by TLC using BPF (36:9: 5) 
and TEF (5:4:1) as solvent systems affording two compoimds. These two 
compounds were labeled as Ss-1 and Ss-2 respectively. 
Elution of the column with EtOAc-acetone (9:1) yielded another comopound 
Ss-3, containing some impurities. The compoimd Ss-3 was purified by preparative 
TLC using the solvent system (ethyl acetate: ethyl methyl ketone: acetic acid: water, 
(20: 3: 3:1). 
Further elution of the column with ethyl acetate-acetone (8:2-6:4) gave 
fractions which showed the mixture of the compounds Ss-4 and Ss-5. They were 
separated by preparative thin layer chromatography (ethyl acetate: ethyl methyl 
ketone: acetic acid: water, 5:3:1:1). 
Ss-1 
Elution of the column with benzene-ethyl acetate (9: 1, v/v) gave the 
compound Ss-1. It was purified by repeated crystallization with chloroform-benzene 
as white crystals (50 mg), m.p. 107-1 lO^C. It gave positive test wdth alcoholic FeCb. 
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Analyzed for CsHgOi: 
Calcd : C, 70.58; H, 5.88% 
Observed : C, 67.00; H, 5.79% 
UVXr : : 310 nm 
max 
IRvfJCm-': 
3400 (OH), 1650 (C=0), 1450 (C=C). 
' H - N M R (400 MHz, CDCb), values on 8 scale: 
7.91 (2H, d, J = 9 Hz, 2,6), 6.93 (2H, d, J = 9 Hz, H-3, 5), 2.6 (3H, s, CH3). 
Mass m/z (relative Intensity): 
136 [IvT] (37.7), 121 [M*- CH3] (14.6), 108 [M*- CO] (21.5), 93 [M^-
COCH3] (25). 
Ss-2 
The compound Ss-2 was eluted from column with benzene: ethyl acetate (1: 
1) mixture. Purification by repeated crystallization from methanol gave yellow 
crystals. It gave a greenish brown colour with alcoholic FeCls. Yield 65 mg, m.p. 
280-82°C. 
Analyzed for Ci6Hi206: 
Calcd : C, 64.00; H, 4.00 % 
Observed : C, 64.12; H, 3.94 % 
UV with shift reagents, X^ ax nm: 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
268,280,350 
276,393 
268,298,351 
268,299, 347, 389 
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NaOAc 275,394 
NaOAc/ H3BO4 267, 348 
3350 (br OH), 1650 (C=0), 1485 (C=C). 
'H-NMR (400 MHz, CDCI3), values on 8 scale: 
7.91 (2H, d, J = 9 Hz, H-2', 6'), 6.93 (2H, d, J = 9 Hz, H-3', 5'), 6.79 (IH, d, 
J - 2.5 Hz, H-8), 6.57 (IH, d, J = 2.5 Hz, H-6), 3.74 (3H, s, 1 x OCH3). 
Mass m/z (relative Intensity): 
300 [M^] (100), 285 [M -^ CH3] (52.8), RDA fragments 152 [A]^ (24.3), 148 
[B]^  (23.2), 121 [Cf (19.5). 
Ss-3 
Ss-3 was crystallized from methanol-ethyl acetate as yellow crystals. The 
compound gave positive Molish test. It gave greenish brown colour with FeCls and 
+ ve Shinoda's test. Yield 250 mg, m.p. 266-68°C. 
Analyzed for C2«H320i4: 
Calcd : C, 55.86; H, 5.51 % 
Observed : C, 55.75; H, 5.61 % 
UV with shift reagents, "kmn nm: 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/ H3BO4 
269, 325 
245 (sh), 289,360 
278,301,344,384 
279, 302, 340, 380 
269, 326 
270, 328 
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IRv'^*' Cm"' : 
max ' - ' » " 
3410 (OH), 1665 (0=0), 1500, 1420,1350, 1240, 1170, 800. 
' H - N M R (400 MHz, DMS0-d6), values on 6 scale: 
8.05 (2H, d, J = 9 Hz, H-2'-6'), 7.15 (2H, d, J = 9 Hz, H-3', 5'), 6.95 (IH, d, J 
= 2.5 Hz, H-8), 6.75 (IH, d, J = 2.5 Hz, H-6), 6.45 (IH, s, H-3), 5.09 (IH, d, J = 2 
Hz, glu H-1"), 4.54 (IH, d, J - 2 Hz, rham H-l"'), 3.85 (3H, s, OCH3), 3.15-5.21 (12 
H, m, sugar protons H-l", 2", 3", 4", 5", 6", H-l'", 2'", 3"', 4'", 5"', H-6'"),l-07 (3H, d, 
J = 6 Hz, CH3). 
Hydrolysis of Ss-3: 
The glycoside Ss-3 (300 mg) was dissolved in EtOH and acidified with 6% 
HCl. The mixture was refluxed over water bath for 4 hours; and then left overnight 
at room temperature. The aglycone separated, filtered, washed well with distilled 
water and dried. The ratio of the aglycone to the glycoside was found to be 40.5% 
indicating the presence of two moles of sugar per mole of aglycone. The aglycone 
was crystallized fi-om ethyl acetate as yellow crystals. Yield 10 mg, m.p. 260-61°C. 
Analyzed for C16H12O5 
Calcd : C, 67.60; H, 4.22 % 
Observed : C, 67.59; H, 4.31 % 
UV with shift reagents, m^ax nm: 
MeOH 268, 304 sh, 328 
NaOMe 277,293 sh, 366 
AICI3 258 sh, 279,292 sh, 301, 344, 385 
AICI3/ HCl 216 sh, 280,295 sh, 303, 339, 380 
NaOAc 277,298 sh, 360 
NaOAc/ H3BO4 270, 310 sh, 333 
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Identification of sugars: 
The acidic filtrate left after removing the aglycone was extracted with ethyl 
acetate to ensure the complete removal of any residual aglycone. The filtrate was 
neutralized by concentrating it to a syrup in a vacuum dessicator over KOH pellets. 
The hydrolysate was chromatographed on Whatman No-1 paper using n- BuOH: 
AcOH: H2O (5: 4: 1) and ethyl acetate: pyridine: water (2: 1: 2) as developing 
solvents alongwith authentic sugars as checks. The chromatograms were then 
sprayed separately with aniline phthalate and p-anisidine phosphate solutions and 
dried at 100-105° in an oven for 15 minutes. Two coloured spots were developed on 
the chromatograms which showed the presence of two sugars. The Rf values of 
sugars were identical with those of rhamnose (Rf 0.37) and glucose (Rf 0.18). 
GLC of TMSi ether of sugars of Ss-3: 
The TMSi ether of sugars was obtained by taking 15 mg of sugar in dry 
pyridine (0.5 ml) and hexamethyl disilazane (0.2 ml) in a 10 ml round bottom flask. 
To this solution 0.2 ml of trimethyl chorosilane was added and the flask was 
stoppered and allowed to stand at room temperature for 45 minutes. The solution 
was then dried and taken in heptane. The heptane soluble TMSi ether derivatives of 
sugars were then subjected to GLC (2% OV-1, coliram temp. 150-250°, 10 min, 
dect. temp 300°, N2, 50 ml/min) alongwith silyl derivatives of standard sugars (Rt. 
Glucose 1.0 and rhamnose Rt 0.21). The observed Rt values were in agreement with 
those of an authentic sample of glucose and rhamnose. 
Partial Hydrolysis: 
Ss-3 (50 mg) was hydrolysed by heating it with 1% H2SO4. A liqouts were 
taken at different intervals and examined by paper chromatography ethyl acetate: 
pyridine: water (EPW, 2:1:2). After one hour, it gave a partial glycoside labelled as 
Ss-3 pg and a sugar. The sugar was identified by usual method as rhamnose. 
Enzymatic hydrolysis of Ss-3: 
The glycoside (50 mg) in H2O (10 ml) was incubated with a-pectinase 
(which contains a-rhamnosidase) at 18°C. The solvent was evaporated in vacuo and 
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the residue treated with methanol. The methanol soluble portion was subjected to 
column chromatography over Sephadex LH-20. The column was eluted first with 
60% aq. MeOH to afford a partial glycoside labelled as Ss-3 pg followed by water to 
yield a sugar. The sugar was identified as L-rhamnose by paper chromatography. 
Enzymatic hydrolysis of Ss-3 pg: 
The partial glucoside Ss-3 pg (10 mg) was treated with emulsion, prepared 
from almond at 30-40°C. After for 80 hours, liberation of D-glucose in the 
hydrolysate was confirmed by paper chromatography by usual methods. 
Acetylation of Ss-3: 
Ss-3 (30 mg) was dissolved in pyridine (2 ml) and acetic anhydride (4 ml) 
was added. The reaction mixture was heated on a water bath for 4-5 hours and then 
left overnight at room temperature. The reaction mixture was poured over crushed 
ice. The solid mass separated was filtered, washed with distilled water and dried. It 
was crystallized from ethyl acetate-petroleum ether as white crystals (15 mg), m.p. 
216-20°C. 
^H-NMR (300 MHz, CDCb), values on 5 scale: 
7.81 (2H, d, J = 9 Hz, H-2', 6'), 7.09 (2H, d, J = 9 Hz, H-3', 5'), 6.72 (IH, d, J 
= 2.5 Hz, H-8), 6.60 (IH, d, J = 2.5 Hz), H-6), 6.25 (IH, s, H-3), 5.25 (IH, d, J = 
llHz, glu, H-1"), 4.98 (IH, d, J = 2 Hz, rham H-l'"), 3.90 (3H, s, OCH3), 3.35-5.26 
(12H, m, sugar protons H-l", 2", 3", 4", 5", 6", H-l"', 2"', 3"', 4"', 5'", 6"'), 2.45 (3H, 
s, 5 X aromatic acetoxyls), 1.60-2.02 (18 H, m, 6x aliphatic acetoxyls), 1.15 (3H, d, J 
= 6 Hz, CH3). 
Mass m/z (relative Intensity): 
[M^] absent, 289 [glu (ac)3] (33.2), 273 [rham (ac)3] (32.5), 284 [aglycone] 
(95.7) RDA fragments 152 [A]^ (18.0), 132 [Bif (36.1), 135 [82]^ (5.3). 
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Permethylation of the glucoside follwed by hydrolysis: 
Freshly ether washed, powdered sodium hydride in DMF (Iml) was added to 
the glycoside (80mg) in DMF (1 ml). To this solution 10-15 drops of CH3I were 
added. The flask was sealed and left overnight. Excess of CH3I was removed in 
vacuo and water was added. Permethyl ether formed as isolated by extraction with 
ether and purified by PTLC (benzene: acetone, 4: 1). The permethylated glycoside 
on hydrolysis with 2N HCl gave 2, 3, 4- tri-O-methyl rhairmose identified by TLC 
Si02, toluene: methanol 4:1 and PC) and permethylated partial glycoside. The 
permethylated partial glycoside on FeCls (aq) oxidation yielded 3,4, 6-tri-O-methyl-
D-glucose and partially methylated aglycone characterized as 7-hydroxy-5, 4'-
dimethoxy flavone, identified (by TLC SiOa). 
Periodate oxidation of glycoside methyl ether: 
Glycoside methyl ether (15 mg) was dissolved in methanol (10 ml) and an aq 
solution of NaI04 (15 ml) was added to it. The mixture was allowed to stand at 20°C 
for 24 hours. Solid NaHCOs (2 gm) was then added followed by addition of 
NasAsOs solution (25 ml). The mixture was titrated against iodine using starch as 
indicator. One mole of methyl ether consumed 3.14 mole of periodate. 
Ss-4 
Fraction was obtained from the column by ethyl acetate-acetone (8:2-6:4), 
which on several crystallization from methanol gave yellow needles (100 mg), m.p. 
256-8°C. 
Analyzed for CzoHwOu 
Calcd : C, 55.29; H, 4.14% 
Observed : C, 55.26; H, 4.13 % 
UV with shift reagents, kmax nm: 
MeOH 258,265 sh, 301, 356 
AICI3 279,302, 336,429 
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AICI3/HCI 275,308,361 
NaOAc 278,306,371 
NaOAc/ H3BO3 260, 301 sh, 368 
Hydrolysis of Ss-4: 
The glycoside, Ss-4 (50 mg) was hydrolysed by heating it with 12.5 ml of 
0.6 N-hydrochloric acid on a water bath. The hydrolysis appeared to be completed 
within a few minutes. The heating was continued for two hours; the yellow aglycone 
thus separated out was filtered, washed well with water and dried. The crude product 
crystallized from methanol as yellow needles (20 mg), m. p. 312-14°C. It showed no 
depression in melting point on admixture with an authentic sample of quercetin. Its 
identity as quercetin was further confirmed by co-chromatography, colour reactions, 
UV, 'H-NMR spectra. 
Analyzed for CioHigOn : 
Calcd : C, 59.60; H, 3.31 % 
Observed : C, 59.55; H, 3.30 % 
Acetylation of Ss-4: 
Ss-4 (40 mg) was acetylated by heating it with pyridine (1.0 ml) and acetic 
anhydride (2.0 ml). After usual workup, it was crystallized from chloroform-
methanol as colorless needles (35 mg), m. p. 302-303°C. 
^H-NMR (CDCl3,300 MHz,), values on 8 scale: 
7.56 (IH, q, J = 2.1 Hz and 9.0 Hz, H-6'), 7.48 (IH, d, J = 2.5 Hz, H-2'), 7.00 
(IH, d, J = 9.0 Hz, H-5'), 6.43 (IH, d, J = 2.1 Hz, H-8), 6.22 (IH, d, J = 2.1 Hz, H-
6), 5.26 (IH, d, J = 8 Hz, H-1 anomeric), 3.26-5.51 (sugar protons, m, H-1", H-2", 
3", 4", 5", H-6"), 2.51-2.85 (12H, m, OAc-3', 4', 5, 7), 1.86-2.20 (9H, m, OAc-
aliphatic). 
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Identification of sugar: 
The neutral aquous hydrolysate was examined by paper chromatography 
employing n-butanol: AcOH: H2O (4: 1: 5) as developing solvent and using 
authentic sugars as checks. The chromatograms were sprayed with aniline phthalate 
and p-anisidine phosphate solutions. The chromatograms on drying at 100-105^C, 
showed the presence of arabinose. 
Somogyi's copper micro method gave the value (0.44 ml) which 
corresponded to one mole of sugar per mole of the aglycone. 
Location of the sugar moiety: 
A suspension of finely powdered glucoside (20 mg) in anhydrous acetone 
(40 ml) with dimethyl sulphate (1.0 ml) and ignited potassium carbonate (0.5 gm) 
was refluxed, for 48 hours with fi-equent shaking. After usual workup, a light yellow 
solid was obtained which could not be crystallized. It was directly hydrolysed by 
refluxing with 7% aq. H2SO4. The reaction mixture was cooled in an ice bath when a 
solid separated out. It was crystallized from methanol as yellow needles (10 mg), m. 
p. 192'^C which on mixture with 5, 7, 3', 4'-tetramethyl quercetin showed no 
depression in melting point. 
Analyzed for C20H18O11 
Calcd C, 63.68; H, 5.02 % 
Observed : C, 63.59; H, 4.98 % 
Ss-5 
The ethyl acetate-acetone (1:1) and acetone mixture showed the presence of 
one major spot along with some minor impurities. The mixture on preparative TLC 
over silica gel (ethyl acetate: ethyl methyl ketone: acetic acid: water, 10: 3: 0.7: 0.7) 
followed by crystallization from chloroform-methanol yielded Ss-5 as yellow 
granular crystals, m.p. 343-44''C, (Rf 0.32). 
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Analyzed for C27H30O15 
Calcd : C, 54.54; H, 5.05 % 
Observed : C, 54.58; H, 5.09 % 
UV with shift reagents, "kmn nm: 
MeOH 
AICI3 
AICI3/ HCl 
NaOAc 
NaOAc/HsBOa 
NaOMe 
245,265,351 
265,386 sh, 401 
266,386,401 
260,372 
258, 315 sh, 369 
280,312,378 
Acetylation of Ss-5: 
The crystalline glycoside (35 mg) dry pyridine (1 ml) and acetic anhydride (2 
ml) were heated on a water bath for 3 hours. The reaction mixture was cooled at 
room temperature and poured over crushed ice. The solid was washed well with 
water and dried. On crystallization from ethanol it gave creamed coloured needles 
(15mg),m.p.95-96°C. 
*H-NMR (CDCl3,400 MHz,), values on 6 scale: 
8.05 (d, H-2', 6', J = 9 Hz), 7.29 (d, H-8), 6.80 (d, H-6), 7.23 (d, H-3', 5', J = 
9 Hz), 5.51 (d, IH, J = 9 Hz anomeric proton of glucose), 5.05 (d, IH, J = 2.0 Hz, 
anomeric proton of rhamnose), 3.56-5.51 (m, 12H, sugars protons), 2.45 (s, 3H, 
OAc-5), 2.35 (3H, s, OAc-7), 1.75-2.10 (21 H, m, 7x OAc, aliphatic acetoxyls), 1.25 
(d, 3H, J = 6 Hz, rhamnosyl methyl),. 
MS data: m/z: 
[M^] Absent, 700 [(]Vf) - rham (Ac)3^ + H^]^, 642 [(M^) - Glu (Ac)4^ + 
H ]^" ,^ 370 [(M^) - loss of both acetylated sugars moieties)]"^, 286 [aglycone 
fragment^, 392 [B2]*, retro-Dies Alder fragment of glycoside, 153 [Ai+ H]"", 121 
[62]". 
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Acid hydrolysis of Ss-5: 
The glycoside Ss-5 (40 mg) was hydrolysed by heating with 10% HCl on a 
water bath at 100°C for two hours. The mixture was left over night. The aglycone 
was filtered, washed well with distilled water and dried. The crude product on 
crystallization from methanol gave yellow needles (15 mg), m. p. 280-81°C. It 
showed no depression in melting point on admixture with an authentic sample of 
kaempferol. 
Analyzed for CisHioOe 
Calcd : C, 64.64; H, 5.47 % 
Observed : C, 64.66; H, 5.49 % 
UV with shift reagents, Xmax nm: 
MeOH 
AlCb 
AICI3/ HCl 
NaOAc 
NaOAc/HaBOs 
NaOMe 
249,266,366 
265,271,345,429 
269,303 sh, 349, 
274,302,385 
267,297 sh, 320 sh, 383 
277,320,421 (Dec) 
Acetylation of aglycone: 
The aglycone (10 mg) was heated with pyridine (0.5 ml) and acetic 
anhydride (1 ml) on a water bath at lOO^ C for two hours. On usual workup, it gave 
cream coloured needles (5 mg), m. p. 179-80°C. 
Analyzed for C23H18O10 
Calcd : C, 60.79; H, 3.96% 
Observed : C, 60.76; H, 3.99 % 
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Microdegradation of the aglycone: 
The aglycone (0.25 mg), few drops of water and potassium hydroxides (50 
mg) were kept at 250°C for 3 minutes. The initial dark orange colour when 
disappeared. The reaction mixture was cooled, diluted with water, acidified and 
extracted with ether (0.5 ml) twice. The ether extract was run on paper 
chromatograms employing ascending techniques and using n-BuOH: acetic acid: 
water (60: 10: 20). The chromatograms were dried at room temperature. The 
examination of firagments revealed two spots by spraying with bis-diazotized, 
benzidine, indistinguishable fi-om those of authentic sample of phloroquicinol and p-
hydroxy benzoic acid, Rf (phenol) 0.69, (acid) 0.87. 
Identification of sugars: 
The aqueous hydrolysate after removing the last traces of aglycone was 
concentrated to syrup in vacuum over KOH pellets. The sugars were identified by 
paper chromatography in two different solvents systems, n-butanol: acetic acid: 
water (4: 1: 5, upper layer) and n-butanol: water: ethanol (60: 28: 5: 16.5) using 
authentic sugars as check. The Rf values of sugars were identical with those of 
glucose (0.18, 0.10) and rhamnose (0.37,0.28). 
GLC of TMSi ether derivative: 
The TMSi ethers of sugar were obtained by 15 mg of sugar in drying 
pyridine (0.5 ml) and hexamethyldisilazane (0.2 ml) in a 10 ml round bottom flask. 
To this solution 0.2 ml of trimethylchlorosilane was added and flask was stoppered 
and allowed to stand at room temperature for 45 minutes. The solution was then 
dried and taken in heptane. The heptane soluble TMSi ether derivatives of sugar 
were then subjected to GLC (2% OV-1, column temperature 150-250°C, 10 min, 
dect. temp. 300°C, Na, 30 ml/min) along with silyl derivative confirmed them to be 
glucose (Rt=1.25) and rhamnose (Rt=0.23). The observed Rt values were in 
agreement with those of authentic samples of rhamnose and glucose. 
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Location of sugar position in ttie glycoside enzymatic hydrolysis of the Ss-5 pg 
Almond emulsion (10 ml) was added to the compound (35 mg) taken up in 
ethanol and the reaction mixture was kept at 40°C for 45 hours. The solvent was 
then evaporated in vacuo and the residue treated with methanol. The MeOH soluble 
portion was subjected to Column chromatography over Sephadex LH-20 (60% aq. 
MeOH, EtOH) to afford a sugar (10 mg) and a partial glycoside (Ss-5c) identified as 
kaempferol-3-O-a-L-rhamnoside by direct comparison with an authentic sample, 
m.p. 177-78°C. The sugar was identified as D-glucose (Rf 0.18) by paper 
chromatography (n-butanol: acetic acid: water, 4: 1:5) and by osazone formation. 
Methylation of partial glycoside followed by acid hydrolysis: 
A suspension of partial glycoside (20 mg) in anhydrous acetone (10 ml) were 
refluxed with an excess of dimethyl sulphate (0.4 ml) and ignited potassium 
carbonate (0.5 gm). The mixture was filtered and the residue was washed with hot 
acetone. After distilling off the solvent fi-om the filterate a reddish brown oily 
residue was left behind. The excess of dimethyl sulphate was removed by washing 
the methylated product several times with petroleum ether. A light brown solid was 
obtained which was not be crystallized. It was directly hydrolysed by refluxing with 
7% aqueous HCl for two hours and the reaction mixture was cooled on an ice bath 
when a straw coloured solid separated out. It was filtered, washed and dried. On 
several crystallization from ethanol it gave straw coloured needles, m. p. 135-36°C. 
A mixture of this ether with 3-hydroxy-4', 5, 7-trimethoxyflavone (kaempferol-4', 5, 
7-trimethylether) showed no depression in melting point with authentic sample. 
UV with, Xmax nm: 
260, 358. 
*H-NMR (CDCI3.4OO MHz,), values on 6 scale: 
8.20 (2H, d, J = 9 Hz, H-2', 6), 7.19 (2H, d, J = 9 Hz, 3', 5), 6.84 (IH, d, J = 
2.5 Hz, H-8), 6.60 (IH, d, J = 2.5 Hz, H-6), 3.96 (3H, s, OCH3-5), 3.81-3.91 (6H, m, 
OCH3-4', 7). 
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The sugar was identified by Si02 TLC and paper chromatography as 2, 3, 4-
tri-O-methyl-L-rhaninose (Rf, 0.76 (TLC silica gel, toluene- methanol, 4: 1). 
Analyzed for CigHieOe 
Calcd : C, 65.85; H, 4.87 % 
Observed : C, 65.80; H, 4.82 % 
Estimation of sugars: 
The anhydrous glycoside (24 mg) was hydrolysed by refluxing for two hours 
with 2% H2SO4. After cooling over night the aglycone was dried and weighed (10 
mg). The ratio of aglycone to the glycoside is 41.7% indicating the presence of 2 
moles of sugar/mole of aglycone. 
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Syntfiesis of some 
sekcted mokcuks 
TJieoreticaC 
SYNTHESIS OF SOME SELECTED MOLECULES 
The first four membered cyclic amide derivatives of 3- aminopropionoic acid 
known as P lactam was synthesized by Staudinger' in 1907. The recognition of P 
lactam moiety as the key pharmacophoric component of the penam antibiotics 
initiated a flurry of synthetic activity. Whether isolated from natural sources or 
chemically synthesized, they are marked by high efficacy and safe toxicological 
profiles. P Lactams are an intensively studied family of heterocycles, primarily due 
to their biological activities. They are best known for their use as powerful 
antibiotics e.g. penicillin and cephalosporins. Recently they have received attention 
as 
commercial semi synthesis of anticancer agent paclitaxel.'* 
for their capacity to lower cholesterol levels'' and  building blocks in the 
The methods of synthesis of P lactams developed prior to 1945 have been 
adequately reviewed.^ Some recent interesting studies in the area can be outlines as 
follows. 
Sheehan and Bose^ synthesized P lactams (Ila-g) in high yield by treating (la-
g) with triethyl amine at room temperature. 
R3 R2 
C e H s - N — C H - R 2 ^(C,Ush CeHj—N ^ j ^ ^ 
0=C-CH2C1 95% Q ^ c — C H 2 
(la-g) (Ila-g) 
(la) 
(lb) 
(Ic) 
(Id) 
(le) 
(If) 
(Ig) 
(Ila) 
(lib) 
(lie) 
(lid) 
(He) 
(Ilf) 
(Ilg) 
R2 
CO2C2H5 
CO2K 
H 
H 
CO2CH2C6H5 
CO2H 
CO2C2H5 
Ea 
CO2C2H5 
CO2C2H5 
CO2C2H5 
CO2H 
CO2CH2C6H5 
CO2H 
CO2C2H5 
Bose et alJ synthesized P lactam (IV) by internal Michael addition of (III) in 
the presence of a base piperidine. 
116 
Cfiapter-lV 
CgHj—N—CH(C02C2H5)2 _ 
0=C—CH=CHC02C2H5 
(III) 
^ QHs—N-
0 = C -
-C(C02C2H5)2 
-CHCH2CO2C2H5 
(IV) 
Other electron withdrawing groups in the P- position of the acrylic acid 
function were studied for preparing p lactams by this method. Under the influence of 
piperidine the amides (V), (VI) and (VII) gave the P lactams (Va), (Via) and (Vila) 
respectively. 
C6H5—N—CH (C02Ri)2 
O ^ C — C H = C H - R2 
C6H5—N—C(C02R,)2 
I / 
0=C—CH-CHo—R2 
(V) 
(VI) 
(VII) 
Ed 
C2H5 
CH3 
C2H5 
R2 
C6H5N02(p) 
C6H5N02(p) 
C6H5N02(p) 
(Va) 
(Via) 
(Vila) 
El 
C2H5 
CHS 
C2H5 
R2 
C6H5N02(P) 
C6H5N02(p) 
C6H5N02(p) 
Acylation of dl 5, 5-dimethyl-4-carbomethoxy thiazoline (VIII) by benzene 
sulfonylhydrazone of benzoyl formic acid (DC) was carried out by using N, N'-
dicyclohexylcarbodiimide as reagent to give the ester amide (X). Reaction of (X) 
with sodium hydride in dry 1, 2, dimethoxy ethane produced the corresponding a-
diazo compoimd (XI) which on irradiation in methyl chloride solution leads to the 
formation of P-lactam 6-phenylpenicillate (XII)* as principal product. 
CH3 
CH3 
^C02CH3 CH3 
C6H5-
,C02CH3 
NH I ^ L-M3 c N—COC=NNHS02C6H5 
(VIII) 
COOH 
(IX) (X) 
I 
C6H5 
sodium hydride 
*• 
1^ dimethoxy ethane 
CH3 
r C02CH3 
^N—C0C=N2 
I 
(XI) 
CeHs 
CH3 COOCH3 
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Manhas et al.^ reported the formation of P lactams (XlVa-e) in high yields 
(50-90%) by use of sodium in liquid ammonia as base. 
R - N - C H 
0 = C — C H 2 - X 
(Xllla-e) 
.COsCjHs 
CO2C2H5 
Na in liquid ammonia 
XO2C2H5 
-CO2C2H5 
0 = ^ — C H 2 
R - N 
(XlVa-e) 
X = esters or nitriles 
R m.p. "C Yield (%) 
(XlVa) 
(XlVb) 
(XIVc) 
(XlVd) 
cxrve) 
Phenyl 
0-bromophenyl 
0-flurophenyl 
1-p-bromophenyl 
1-p-chlorophenyl 
77-78 
53-54 
76.5-77 
125-126.5 
131.5-132.5 
68 
71 
90.4 
58 
73 
,10 The imino p lactams (XVIIa-e) prepared by the reaction of dicyclohexyl 
and diisopropyl carbodimides with different types of ketenes (XVa-e) particularly 
with halogenated ketenes. 
R 
' \ C = C = 0 + R 3 — N = C = N — R 3 
R2 
R2 
Rr 
R s N ^ 
<^ 
O 
- N - R i 
(XVa-e) (XVIa-e) (XVIIa-e) 
a. 
b. 
c. 
d. 
e. 
Ri 
CeHs 
C6H5 
C6H5 
Br 
CeHs 
R2 
C6H5 
C6H5 
CI 
Br 
C6H5 
R3 
CeHu 
iCsHy 
CeHii 
CeHii 
iCsH; 
Yield 
90 
88 
65 
59 
57 
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1, 2-dipolar cycloaddition of chlorosulfonyl isocyanate (CSI) to allenes [2, 4-
dimethyl-2, 3 pentadiene (XVIIIa), 3-methyl-l, 2, butadiene (XVIIId) etc] 
proceeded via a transition state, an allyl type stabilized carbonium ion leading 
ultimately to p lactam" (XlXa-c) and/or from the aqueous extract, 2 carboxamido-l, 
3-butadienes (XXa-c). Reaction between (XVIIId) and CSI produced a third product 
(XXI). 
(XVnia-d) 
CSI 
R2 
Ri-
.R3 
•R4 
^ ^ R" ^O 
(XEXa-b) R=S02C1 
(XIXc) R=H 
CONH2 
.c=c—c=c 
Rr R2 
(XX) 
R, 
C02H 
I 
+ (CH3)2C=CCH2 
NCONH2 
(XXI) SO2CI 
(XVIIIa) Ri= R2= R3= R4=CH3 
(XVIII b) R,= R2= R3= CHs, R4=H 
(XVIIIc) Ri= R4=H, R2= R3=CH3 
(XVIIId) Ri= R2=CH3, R3= R4=H 
(XlXa) Ri= R2= R3= R4=CH3, R5=S02C1 
(XlXb) Ri= R2= R3= R4=CH3, R5=H 
Cis (XlXb) Ri= R2= R4=CH3, R3=H, R5=S02C1 
Trans (XlXb) Ri= R2= R3=CH3, R4=H, R5=S02C1 
(XXa) Ri=H, R2= R3= R4==CH3 
Cis (XXa). Ri= R3=H, R2= R4=CH3 
Trans (XXb) R,= R4=H, R2= R3=CH3 
(XXc) Ri= R2= R3=H, R4=CH3 
Bose et al. '^ prepared p lactam by the addition of the acid chloride (XXI) to 
the imine (XXII) to produce a reaction intermediate (XXIIIa) or (XXIIIb) which 
cyclizes to a p lactam (XIV) under the influence of the tertiary amine. 
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H CI H 
RCH2COCI 
(XXI) 
PhCH=NPh 
(XXII) 
EtjN 
*• R-CH CHPh 
OC—NPh 
(XXIIIa) 
R-CH CHPh 
OC —NPh 
(XXIIIa) 
"•^t^ 
. ^ N ^ 
R Ph 
-Ph 
(XXIV) 
R= Me, MeaC, H2C=CH, CI, MeO, PhO, Ph, p-NOaPh, p-MeOPh 
Wasserman'^ reported the synthesis of P lactam through ring enlargement. 
The reaction uivolves the formation of carbinolamines of type (XXVI) which may 
be converted to N- chloro derivative (XXVII) vising tertiary butyl hypochlorite. 
Treatment of N-halo derivative with silver ion in acetonitrile leads to p lactam 
formation (XXVIII). 
C H 2 = C = 0 + CH2N2 -78°C 
Ether 
HO. NHR 
RNH, 
CI \ 
(XXV) (XXVI) 
R—N OH 
(XXVI) ^""3)3C0C1, Ag 
CH, C-^N 
(XXVII) 
R__N OH 
R'-^^° 
(XXVIII) 
R = CgHii, CH3(CH2)3, CH3CH2CH(-CH3) 
(CH3)3C, CH3CH(-C00Et) 
14 Martin et al. reported that when dimethyl ketene was treated with N-
benzylidene alkylamines (XXDCa-c), formation of P lactam (XXXa-c) was favoured, 
at the expense of 2:1 cycloaddtion, by the presence of bulky N-alkyl groups and by 
the use of polar reagents. 
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CfiHs—CH=N-R + (CH3)2C=C=0 
(XXIXa-c) 
CdHs--^ 
(CH3)2^ 
1—^ ^ - R 0 ^ rV 
U " ^ N R 
CeHs 
(XXX) (XXXI) 
a,R=CH3 
b, R= CH(CH3)2 
c,R = C(CH3)3 
C(CH3)2 
Friedrich synthesized p lactam'^ (XXXTV) by the (2+2) cycloadditon of trans 
stilbene (XXXII) with chlorosulphonyl isocyanate (CSI). 
CgHs—CH=CH-C6H5 
(XXXII) 
CSI C6H5—CH-CH-C6H5 
SO2CI 9 = C = 0 
(XXXIII) 
CeHsv 
01802" 
'C6H5 
,N-
'O 
pDoav) 
Temperature 
100 
90 
80 
70 
Trans-azetidinone N-
sulfochlor (niol-%) 
25 
33 
40 
47 
Trans stibene 
75 
67 
60 
53 
The reaction of thioimidate (XXXVI) (prepared by treating the thioamide 
(XXXV) with methyl iodide under alkaline conditions) with phenoxy acetyl chloride 
and triethyl amine gave a single p lactam (XXXVII) in 80-90% yield. 
Desulfurization of (XXXVII) with raney nickel in boiling ethanol produced in about 
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J6 50% yield a new p lactam cis-1,4-diphenyl-3-phenoxyazetidin-2-one (XXXVIIIa). 
In a similar manner several other cis- p lactams (XXXVIIIb,c) were prepared. 
PhO SMe 
Ph—C=S CHJ Ph-
H-N—Ph 
(XXXV) 
—C—SMe 
II 
N - P h 
(XXXVI) 
R-
PhOCHjCOCl 
= > 
NEtj 
O' 
-Ph 
-N-Ph 
(XXXVII) 
H H 
-Ph 
-N-Ph 
(XXXVIII) 
a. R=PhO 
b. R=CH30 
c. R= Ph 
Nelson'^ gave synthetic route to these P lactams, as in the following scheme, 
starting with chloroacetic acid. He reported that the intermediate aliphatic amide 
(LXI) with DMF (pathway A) gave a mixture of cis and trans isomers (55% cis and 
45% trans) of (LXII) while with triethylamine (pathway B) only the trans isomer is 
obtained. 
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CICH2CO2H + POCI3 DMF ^ CICH2C 
(XXXIX) 
o 
-CI 
. 0 
CICU^C^ + PhCH=NPh 
(XXXIX) (LX) 
OH 
UH 
Q 
Ph 
CI 
^Ph 
H—N—C-CH2CI 
O 
(LXI) 
03 
O. 
M 
Ph 
HM 
CI"' 
-N' 
,Ph 
1 "O 
H 
Trans (LXII) 
H 
Cl~ 
Ph 
/ % 
H 
Intermediate 
H" 
Ph 
.Ph 
'O 
CI 
Cis (LXn) 
Ph 
H: N' 
Ph 
CI 1 
H 
^ O 
Trans (LXII) 
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Acid chloride P lactams^* (LXIV a-d) were prepared in good yield by refluxing 
phenyl malonyl chloride with the appropriate imine (LXIII) in benzene. P Lactam 
(LXV) was synthesized by the reaction of (LXIII) with m-chloroperoxy benzoic acid 
and triethyl amine in dichloromethane. 
H—C—R' 
N - R 
(LXIII) 
O 
II 
CI—C H 
Ph-
O <:^ 
R' 
-N-R 
(LXIV) 
H H 
Ph- -R 
0 ,<^ 
-N-R 
(LXV) 
a. 
b. 
c. 
d. 
R 
P-C6H5CH3 
p-naphthyl 
a- naphthyl 
R' 
CeHs 
P-C6H4OCH3 
P-C6H4OCH3 
CeHs 
a Azido P lactams'^ and analogs can be prepared by mixed anhydride LXVII 
(prepared in situ by stirring the carboxylic acid LXVI with trifluoroacetic anhydride 
in dichloromethane followed by addition of triethyl amine). Schiff base (L) and 
triethyl amine are added to get crude P lactams (Lla-d). 
LXVI 
LXVII 
LXVIII 
LXIX 
Z—CH2 
CO2R 
R 
H 
COCF3 
CO2C2H5 
C02iBu 
Z 
a PhO 
b N3 
C N3 
d PhO 
H 
— C—Ri 
II 
N - R 2 
(L) 
Ri 
p-C6H40( 
p-CetUOi 
Ph 
Ph 
0=i 
-Ri 
N-R2 
(LI) 
R2 Configuration 
1 CHPh2 cis 
P- 6H4 CH3 P-C6H4CO2H trans 
Ph cis/trans 
Ph cis/trans 
Manhas et al}° prepared 6-azidopenams LIV and LV by the reaction of azido 
acetyl chloride with triethyl amine on the appropriate thiazolines (LII and LIII). LVI 
and LVII were formed when phenoxy acetyl chloride was used. 
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H5C6 
N 
(LII) 
(LIII) 
R2 
N3CH2COCI 
NEt, 
R=Me 
R=H 
PhO 
Cfiapter-I1^ 
(LIV) R= Me 
(LV) R= H 
(LVI) R=Me 
(LVII) R=H 
Benzalaniline and 0-acetyl mandelyl chloride (LVIII) reacted in presence of 
triethyl amine to give 1, 3, 4-triphenyl-3-acetoxy-2-azitidinone (LIX) as a single 
isomer in 90-95% yield. Hydrolysis of (LIX) with refluxing 80% trifluroacetic acid 
produced hydroxyl derivative (LX) which could be methylated to (LXI).^' 
OAC 
Ph—CH-COCl 
(LVni) 
CHPh NEt. 
NPh 
(Ix) 
OMePh 
Ph iH 
O 
^ N - P h 
(LXI) 
Ag20-Nal 
OAc Ph 
Ph ,,.H 
O , ^ 
-N-Ph 
(LDQ 
> 
o 
OH Ph 
Phn . . 
o ^ 
,,,H 
-N-Ph 
(LX) 
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The cycloaddition of aromatic nitroso compounds P-X-C6H4NO (LXII) with 
diphenyl ketone (XVa) occurs in all cases rapidly and with relative low 
regioselectivity with X= CH3O, CH3, H and CH3O2C, the principal product is the 2-
22 
aryl-4,4-diphenyl-l, 2-oxa2etidin-3-one (LXV) 
X—/ / ^ N = 0 + Ph2C=C=0 
(Lxn) (XVa) 
PhzC^N-
\ \ / 
-X 
Ph2C=C=0 
—= *-
Fast 
Ph 
Ph-
.0 
'N—O 
V^ 
(Lxm) 
+ 
Ph 
Ph- \ 
Ph-
Ph 7 
N / \ \ 
O 
(LXrV) - " (LXV) 
X= NMej, H, OMe, Me, COzMe, Br, CI 
,23 Stefan Schunk synthesized P lactam (LXII) by using immobilized ester 
enolate via ester enolate-imine condensation route. The reaction involves the 
cyclization of the resin bound ester (LXI) and an imine. 
1.2.2eqLiHMDS 
2.3 eg RCH^NPh 
3.5%TFA/CH2Cl2 
4.THF/DMF(5/2) 
O ^ ^ N ' 
(LXI) 
OCH3 
CH3 
NIL r .R 
^ ^ -N 
(LXII) 
Linder et al.'^^ reported the synthesis of p lactams (LXVa-f) by the 
transformation of diazoketones (LXIII) derived from a amino acids in the presence 
of imines (LXIV) under microwave irradiation. 
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Ri 
Cbz^ 
NH 
O 
(LXIII) 
H 
N, 
R2 
^1 
~R3 
(LXIV) 
MW or hv 
Solvent 
R 
NH 
O -^ 
.R2 
R3 
(LXVa-f) 
(LXVa) 
(LXVb) 
(LXVc) 
(LXVd) 
(LXVe) 
(LXVf) 
Ri 
Me 
Me 
tBu 
Me 
Me 
Me 
R2 
2-fxiryl 
2-furyl 
2-furyl 
Vinyl 
Crotyl 
Crotyl 
R3 
Bn 
AUyl 
Bn 
AUyl 
Bn 
allyl 
Yield % 
80 
75 
85 
60 
60 
40 
Michael et al}^ synthesized enantioselective P lactams (LXVIIIa-d) via 
coupling of alkynes (LXVI) with nitrones (LXVIIa-d) using Cu (I) Bis 
(azoferrocene) as catalyst. 
Ph 
I 
C 
III 
CH 
(LXVI) 
"V" 
o 
0 
1-2.5% CuCl (R,R) 
CyjNMe 
j ^ MeCN, 0 C 
(LXVIIa-d) 
Ph, 
O ,<^ 
iPh 
~R 
(LXVIIIa-d) 
R Cis-Trans % ee Cis 
(LXVIIIa) 
(LXVIIIb) 
(LXVIIIc) 
(LXVIIId) 
Ph 
4-(MeO)C6H4 
4-Br C6H4 
4-(Et02C) C6H4 
95 
95 
94 
94 
:5 
5 
6 
6 
77 
85 
72 
67 
Isolated yield 
Cis isomer (%) 
69 
53 
74 
79 
Indrani Banik et al}^ reported that the reaction of polyaromatic imines (LXX) 
with acid chloride derivatives (LXIX) in the presence of triethyl amine at -78''C to 
room temperature produced trans P lactams (LXXIa-g). However isomeric 
polyaromatic amines (LXXII) with interchanged aromatic moieties produced cis P 
lactams (LXXIIIa-d). 
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X 
ZCH2C1 + 
(LXIX) 
(LXXIa) 
(LXXIab) 
(LXXIc) 
(LXXId) 
(LXXIe) 
(LXXIf) 
(LXXIg) 
ZCH2CI + ^ 
(LXIX) 
(LXXIIIa) 
(LXXIIIb) 
(LXXIIIc) 
(LXXIIId) 
\ ^ (C2H5)3N 
(LXX) 
X 
1-Naphthyl 
1-Naphthyl 
1-Naphthyl 
1-Anthracenyl 
1-Anthracenyl 
9-Phenanthranyl 
9-PhenanthranyI 
\ ^ N ^ p ^ (C,H3)3N 
(LXXII) 
X 
9-Phenanthranyl 
9-Phenanthranyl 
6-chrysenyl 
1 l-dibenzofluorenyl 
Z ^ 
' N^ 
• ' ' Ph 
(LXXI 
Z 
OAc 
OPh 
Pthalimido 
OAc 
OPh 
OAc 
OPh 
X 
\ 
->-
/ N 
Ph-" (LXXI 
Z 
OAc 
OPh 
Pthalimido 
OAc 
a-g) 
/ 2 
- ^ 0 
Ila-d) 
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Phenyl isothiocynate is a versatile reagent in heterocyclic chemistry^^. It is the most 
important isothiocyanate and is easily synthesized from aniline and carbon disulfide. 
Several heterocycles such as thiophenes, pyrroles, pyrimidines or imidazoles " can 
be constructed from this starting material. A substituted thiophene (LXXVI) can be 
prepared by condensing this reagent in basic media with 1, 3 dicarbonyl compound^^ 
which has been further converted into fiised pyrrole^' (LXXVII). 
O O 
Ph-NCS 
o o 
PhHN" "SMe 
(LXXV) 
O 
X 
I 
n 
X 
N R2 
Ri 
PhHN 
(LXXVI) 
X-CH2-Z Z 
(LXXVII) 
Apart from the above listed heterocycles a triazinthione (LXXIX) has been 
prepared by the interaction of benzothiazolyl-2-guanidine (LXXVIII) with phenyl 
32 isothiocyanate . 
NH 
PhNCS 
(LXXVIII) 
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While the above reactions were base catalyzed, the following one was 
conducted under phase transfer catalytic conditions to give bicyclic fused 
comopounds^^ (LXXXII), (LXXXIII), (LXXXIV). 
NC. ,CN 
PhNCS 
NC. ,CN 
NHPh 
(LXXX) 
NH2 
NC 
(LXXXI) 
NPh 
NH2 
NC 
NPh 
NC 
NH2 
NPh 
O 
(LXXXII) (LXXXIII) (LXXXIV) 
Some other products (LXXXVII, LXXXEX and XCII) have been obtained by 
reactions of phenyl isothiocyanate with less common reactants as discussed below.^ "^ ^ 
36 
X 
N 
(LXXXV) 
PhNCS ^ 
NH2 
X 
J 
NHPh 
N-^ NH2 
(LXXXVI) 
NPh 
(LXXXVII) 
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Ar. .Ph 
N 
(LXXXVIII) 
PhNCS 
hv 
Ph. 
Ph—N' 
H 
-N 
AT 
(LXXXIX) 
(XC) 
l.BuLi 
2. PhNCS 
3. CH3I 
SMe 
R' 
MeS 
(XCI) 
N 
I 
Ph 
(XCII) 
Keeping in mind the utiUty of isothiocyanate in the synthesis of heterocycles, 
an attempt is made to synthesise P lactams by the reaction of ethyl acetoacetate with 
phenylisothiocyanate / phenylisocyanate with and without the use of phase transfer 
catalyst cetyl trimethylanunonium bromide and Na2C03 along with 1-2 drops of 
water. Apart from this the reaction of some active methylene compounds like 
diethylmalonate and dimedone with phenylisocyante and phenylisothiocyanate are 
also reported. 
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Reaction of ethylacetoacetate (XCIII) and phenylisothiocyanate in molar ratio 
1:1 with phase transfer catalyst CTAB in benzene: 
A mixture of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:1 
was taken in benzene. A catalytic quantity of phase transfer catalyst 
cetyltrimethylammonium bromide (CTAB) and sodium carbonate as a base were 
also added along with 1-2 drops of water. The reaction mixture was then heated on 
water bath for 12 hours. After workup of the reaction mixture and crystallization 
from chloroform-alcohol afforded (XCIV) m.p. 146^C as a yellow needle shaped 
crystals. 
o o s-""o 
iPh—N=C=S /==\ 1 II 
•Q/\ y - c i ^ i *- Q - N = C - C - C - O C 2 H 5 
iii NajCQj HS—C-N—< 
, \ / 
H 
(XCIII) (XCIV) 
H S O H S H O S H H O 
^ I II 11 / = \ I II I II / = \ I I " 
^ _ N - C - C - C - O Q H 5 ^ ^ N - C - C - C - 0 ^ 5 ^ ^ N = C - C - C - 0 Q H 3 
H S - C - N - ^ S = C - N - Q ) S = C - N - . 
H H H 
(XCIVa) (XCIVb) (XCIVc) 
Characterization of the compound m.p.l46''C as 2-(ethoxycarbonyl)-l-
phenylimino-3-phenylamino 1,3-dimercaptaI-2-propene (XCIV): 
The elemental analysis of the compound corresponded to the molecular 
formiUa C18H18N2O2S2 which exhibits the possibilities of the structures (XCIV), 
(XCWa), (XCWb) and (XCWc). The IR spectnim of the compotmd exhibited bands 
at 3250 (N-H), 2550 (S-H), 1230 (C= S), 1372 (C-N), 1640 (C=0 a, p unsaturated) 
1620 (C=N) and 1495 cm"' (C=C). The presence of the bands at (C=C-C=0) and 
absence of band at 1225 cm"' (C=S) ruled out the possibility of structxires (XCIVa), 
(XCIVb) and (XCIVc). The 'H N M R spectrum of the compound (XCIV) displayed 
a multiplet centered at 6 6.93-7.35 which was assigned to aromatic protons. A triplet 
at 8 1.35 and a quartet at 5 4.38 were accounted for ethoxy protons. N-H proton was 
observed at 5 11.30 as a singlet. Two singlets at 5 1.60 and 5 1.63 were accounted 
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for two S-H protons. Presence of two SH protons support the formulation as (XCIV) 
in preference over the isomers (XCIV a-c). 
Further the structure of XCIV was supported by *^ C NMR spectrum^^ "^'^ . The 
C=0 of the ester was observed at 5 175.0. The peaks at 5 124.3-149.4 were assigned 
to aromatic carbons of imine phenyl. Aromatic carbons of amine phenyl were 
appeared at 5 119.5-123. Peaks at 5 163, 96 and 152 were assigned to C-1, C-2 and 
C-3 carbons of XCIV respectively. Methyl and methylene carbons were observed at 
8 14.4 and 5 61.4 respectively. 
Additional support to the structure XCIV was provided by its mass spectrum 
which showed molecular ion peak at m/z 358, other notable peaks were found at m/z 
313, 149, 136, 135, 92, and 65. The formation of these fragment ions from the 
structure XCIV can be explained as given in Scheme 1. 
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\ // 
SH O 
I II 
-N=C—C—C-OC2H5 
II / 
HS— C-N-
I 
H 
M\m/z358 
\ / 
u 
o 
m/z 313 
m/z 135 H \ / 
SH 
I 
N=C 
m/z 136 
m/z 77 
<M 
m/z 51 
Scheme 1 
H-N 
m/z 92 
m/z 65 
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On the basis of above evidences the compound has been characterized as 2-
(ethoxycarbonyl)-1 -phenylimino-3-phenylamino 1,3-dimercaptal-2-propene (XCIV). 
The formation of (XCIV) can be tentatively explained according to the 
mechanism given in Scheme 2. 
CH3—C-CH-C-OC2H5 
B 
CH3—C-CH-C-OC2H5 
H 
I 
P h - N - C ^ S 
CH3-y-C-y-OC2H5 
0 ( 0 
Ph—N=C=S 
CH3—M-CjI-OCzHs 
ork o 
Ph. 
NKL/ 
CJ^—C^C-C-OCzHs 
Ph—N=C=S 
o) c=s 
Hi-NH 
-CH3COOH 
Phx S 
NH / 
ff 
Ph-NH 
Ph—N=C-
V 
Ph. 
H 
\ , 
ff 
HS c - N H - P h 
H' 
(XCIV) 
^-C-OC2H5 
(f-S 
Ph-NH 
H 
H ff (j:-C-OC2H5 Ph-N—^C-f:-C-OC2H5 
S C-NH-Ph 
H-
Scheme 2 
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Reaction of ethylacetoacetate (XCIII) and phenylisothiocyanate in molar ratio 
1:2 with phase transfer catalyst CTAB in benzene: 
A mixture of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:2 
was taken in benzene. A catalytic quantity of phase transfer catalyst 
cetyltrimethylammonium bromide and sodium carbonate as a base were also added 
along with catalytic quantity of water. The reaction mixture was then heated on 
water bath for 12 hours. After usual workup and evaporation of the solvent followed 
by column chromatography afforded two products A and B. Product A m.p. 146°C 
was found to be identical in all respects with the sample obtained earlier. Compound 
B (XCV) crystallized from chloroform- acetone gave a solid, m.p.70°C. 
S 
II 
H— N—C—OC2H5 
0 0 
iPh N = C = S 
^o/ \ T~B^i ^ xciv + 
iii NajCOj 
(XCIII) (XCW) 
Characterization of the compound m.p.70"C as O-ethyl phenylcarbamothioate 
(XCV): 
The elemental analysis of the compound corresponded to the molecular 
formula C9H11NOS. The IR spectrum of the compound showed absorption bands at 
3250 (N-H), 1370 (C-N), 1225 (C=S) cm"'. The 'H N M R spectrum of the compound 
(XCV) displayed a triplet at 6 1.4 and quartet at 5 3.58 which can be ascribed to O-
CH2CH3 in the ester function. A multiplet centered at 5 6.98-7.10 was assigned to 
aromatic protons. NH proton was observed at 6 11.46 as a singlet. 
Additional support of the structure XCV was provided by its '^ C NMR 
spectrum"^"'' which showed a peak at 6 188.5 for thioxo (C=S) carbon. Carbons of 
amine phenyl were observed at 5 123.6-137.1. Peaks at 6 14.1 and 8 66.3 were 
ascribed to methyl and methylene carbons respectively. 
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Further the structure of XCV was supported by its mass spectrum which 
showed molecular ion peak at m/z 181 [M^] with other notable peaks at 152, 136, 
92, 77, 65 and 51. The formation of these fragment ions can be shown as given in 
Scheme 3. 
5 
m/z 152 
H—N—C—OC2H5 
M ,^ni/z 181 
X 
O 
o 
S 
II 
H - N - C 
m/z 136 
H-N 
m/z 77 
m/z 92 
u 
m/z 65 
Scheme 3 
On the basis of foregoing discussion the compound m.p.70°C can be 
identified as 0-ethyl phenylcarbamothioate (XCV) which can be taken as confirmed 
on the basis of its X-Ray Crystallography.''^  
The mechanism of the formation of (XCV) can be explained as below in 
Scheme 4. 
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O ^ O 
II KJ\ 
CH3—C—CH2—C-OC2H5 n r'Lj /-'_Lr»r'_ -*- CH3—C—CH2—C^OC2H5 
C2H5 
OH 
P h — N ^ C = S 
OH 
Scheme 4 
Ph—N-C—OC2H5 
+ 
H 
I !l 
Ph—N-C—OC2H5 
(XCV) 
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Reaction of ethylacetoacetate (XCIII) and phenylisothiocyanate in molar ratio 
1:4 with phase transfer catalyst CTAB in benzene: 
A mixture of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:4 
was taken in benzene. A catalytic quantity of phase transfer catalyst cetyltrimethyl 
ammonium bromide (CTAB) and sodivun carbonate as a base were also added along 
with 1-2 drops of water. The reaction mixture was then heated on water bath for 12 
hours. After usvial workup and crystallization from chloroform-alcohol afforded 
(XCIV) m.p. 146°C. 
The same reaction when carried out for 20 hours and usual work up 
followed by chromatographic separation afforded three additional compounds as 
solids compound A, m.p. 150°C (XCVI), compound B, m.p. 158°C (XCVII) and 
compound C, m.p. 155*^ 0 (XCVIII) along with PCCIV). 
O O 
O 
CXCIII) 
i Ph N= 
ii CTAB 
iii NajCOj 
iv. 18 hours 
Ph 
I 
C—NH 
(XCIV) + Ph-N=C—C—C-OC2H5 
/ I II 
SH C O 
\ II ^CH3 
(XCVI) 
Ph—N=f S 
Ph-HN—C 
II 
S 
=0 
c=s 
I 
NH-Ph 
(XCVII) 
Ph—N, 
OC2H5 
, 0 = 0 
NH-Ph 
(XCVm) 
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Characterization of the compound A m.p. 150®C as 2-(ethoxycarbonyl)-3-oxo-
N-phenyl-2-(phenylcarbamothioyl) butanimidothioic acid (XCVI): 
The elemental analysis of the compound corresponded to the molecular 
formula C20H20N2O3S2. The IR spectrum of the compound showed absorption bands 
at 3433 (N-H), 1706 (C=0), 1382 (C-N), 1211 cm-' (S-H). The ' H N M R spectrum 
of the compoimd displayed a triplet at 5 1.40 and quartet at 6 4.45 were accounted 
for methyl and methylene group respectively. N-H proton was observed at 5 13.0. 
The aromatic protons appeared as multiplet at 8 6.90- 7.38. S-H proton was observed 
at 5 1.51 as a singlet. A singlet for three protons appeared at 6 2.69 for CH3-CO 
protons. 
The *^ C NMR spectrum of the compound^ '*"*^  showed two peaks at 5 206.2 
and 5 196.4 assigned to ketonic carbon of acetyl and thioxo carbon respectively. An 
intense peak at 6 175.4 was ascribed to ketonic carbon of ester. Carbons of imine 
phenyl and amine phenyl were observed at 5 122.6-149.0. C-SH carbon appeared at 
6 164.2. Methyl and methylene carbon of ethoxy group observed at 6 14.1 and 
5 62.4 respectively. A peak at 5 29.7 was assigned to methyl carbon of acetyl group. 
The mass spectrum gave molecular ion peak [M^ ] at m/z 400, other notable 
peaks include 339, 264, 136/135, 92, 65 and 43 etc. The formation of these fragment 
ions is given below in Scheme 5. 
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o 
o 
in/z339 
? 
Ph 
I 
—NH 
Ph-N=C-C—C-OC2H5 
SH C O ^ 
" " ^ II ^CH3 
(XCVI) 
M*,m/z400 
O 
CH,—C—C—C—OC2H5 
^ I II 
HS—C O 
II 
N - P h 
m/z264 
C—^NH 
m/zl36 
CH,—C 
m/z43 
O I HS—C=N 
in/zl36 
NH 
-HCN 
m/z92 
m/z65 
Scheme 5 
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The formation of (XCVI) under the conditions can be proposed as given in 
Scheme 6. 
CHj—C-CH-C-OC2H5 
B 
CH3—C-CH-C-OC2H5 
H 
I P h - N - C = S 
CHj-J-C-^-OQHs 
0 ( 0 
Ph—]NPC=S 
H-Sol 
CH3—C-C-C-OC2H5 
If I II ^ ^  
orH o v ^ g 
SH 
CFb-(j:-(^-C-OC2H5 
o c=s 
Ph-NH 
(XCVI) 
Ph—N=C=S 
H-Sol 
CH5-y-(p-C-OC2H5 
O C=S 
Ph-NH 
Scheme 6 
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Characterization of the compound B m.p. 158"C as 2-Oxo-N, N'-diphenyl-4-
(phenylimino) thietane-3,3-bis (carbothioamide) (XCVII): 
The elemental analysis of the compound corresponded to the molecular 
formula C23H7N3OS3. The IR spectrum of the compoimd exhibits bands at 3444 (N-
H), 1178 (C=S), and 1642 cm"' (C=N). These values unambiguously suggest the 
proposed structure which was further supported by 'H N M R and mass spectral data. 
The 'H NMR spectrum displayed a multiplet at 6 7.02- 5 7.56 assigned to aromatic 
protons. N-H protons at 5 12.39 and 6 12.77 as a singlet with no other signal. The 
*^ C NMR spectrum of the compound "^ "^  showed two peaks at 6 206.2 and 175.4 
assigned to carbonyl carbons of acetyl and ester group respectively. Thixo carbon 
was observed at 6 196.4. A peak at 5 164.2 was assigned to C-SH carbon. Imine and 
amine phenyl carbons were observed at 5 122.6-149.0. Two peaks at 29.7 and 14.1 
were ascribed to methyl carbon of acetyl and ethoxy group respectively. Methylene 
carbon of ethoxy appeared at 6 62.4. 
The mass spectrum gave molecular ion peak [M^ ] at m/z 447; other notable 
peaks include m/z 136, 92, 91, 77, 65 and 51. These fragment ions can be explained 
as shown in Seheme-7. 
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Ph—N= 
Ph-HN—C- =0 
S C=S 
I 
NH-Ph 
yt',tnlz 447 
H-N—C 
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H-N 
m/z91 -«- -H 
m/z92 
Scheme 7 
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It is proposed that PCCVI) is giving the compound (XCVII) as shown in 
Scheme 8. 
OH 
SH 
Ph-N=<f V 
P h - N H 
(XCVI) 
O 
II 
Ph—N=C—C-C—OC2H5 
/ /I 
HS / c - N H — P h 
SH 
OH fff N - P h 
Cf^ - (p - ( ^ -C-OC2H5 
q) c^s 
P h - N H 
O 
II 
Ph—N=C;:rC—C—OC2H5 
HS ^ ^ _ N H - P h 
?3 
P h — N J = C = S 
Ph-N=C—SH 
I ^ 
Ph—NH-C—C—C—OC2H5 
I 
Ph-NH 
Ph—N=C—^ 
Ph—NH-C—C-C^OC2H5 
s c=C/-
Ph—NH 
Ph—N=^ 
Ph—NH—C- ::© 
S C-NH—Ph 
II 
S 
(XCVII) 
Scheme 8 
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Characterization of the compound C m.p. 155"C as ethyl 5-(phenylamino)-3-
(phenyliniino)-3H-l, 2-dithiole-4-carboxylate (XCVIII): 
The elemental analysis of the compound corresponded to the molecular 
formula C18H16N2O2S2. The IR spectrum of the compound exhibits strong 
absorption bands at 3476 indicating the presence of N-H group. Other bands 
observed were 1682 (C=0), 1388 cm'' (C-N) etc. The 'H N M R spectrum of the 
compoimd displayed a singlet at 6 9.6 which was assigned to N-H protons. A triplet 
and quartet at 5 1.48 and 4.44 were assigned to methyl and methylene group 
respectively. Two multiplets centered at 6 7.6 and 7.8 were ascribed to two benzene 
rings in the compound. The structure was further suggested by its '^ C NMR 
spectrum '^'*'* which showed a peak at 5 168 assigned to carbonyl carbon of ester. C-
3, C-4 and C-5 carbons of dithiole ring were observed at 8 153.1, 99, and 144.1 
respectively. Imine and amine phenyl carbons appeared at 6 117.0-149. Peaks at 
6 62.1 and 14.2 were assigned to methylene and methyl carbons respectively. 
The structure was further supported by its mass spectrum which gave 
molecular ion peak [IvT] at m/z 356; other notable peaks include 279, 265, 187, 92, 
91, 77, 65, 51 etc. The mass fragmentation pattern of (XCVIII) is given below in 
Scheme 9. 
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Finally the structure of (XCVIII) was conformed by X-ray analysis. The 
disulfide five-membered ring is essentially planar. The S-S bond distance is 2.0642 
(11) A and the two C-S bond distances are 1.755 (3) A and 1.816 (3) A. These 
values are in the range known for cyclic disulfides^^" .^ The compound adopts the 
configurations Z around the imine (C=N) bond and the conformation of the amino 
group is stabilized by an intramolecular hydrogen bonding interaction characterized 
by N2-H1—02 distance of 1.912 A. The torsion angles between the heterocycle and 
the two phenyl rings are 61.5 (5)° and -113.0(4)° for the amine and imine phenyls 
respectively. Selected bond lengths (A) and bond angles (°) for compound (XCVIII) 
are given in Table 1. 
Table 1: Bond Lengths and Bond Angles of compound (XCVIII) 
S1-C5 
S1-S2 
S2-C6 
01-C3 
01-C2 
02-C3 
N1-C5 
C5-S1-S2 
C6-S2-S1 
C3-01-C2 
C5-N1-C7 
C6-N2-C13 
C6-N2-H1 
C13-N2-H1 
02-C3-01 
02-C3-C4 
01-C3-C4 
1.816(3) 
2.0642(11) 
1.755(3) 
1.324(3) 
1.463(4) 
1.220(4) 
1.258(3) 
96.64(10) 
94.90(10) 
117.1(2) 
119.8(2) 
126.3 (3) 
109(2) 
124(2) 
121.2(3) 
123.2 (3) 
115.5(3) 
N1-C7 
N2-C6 
N2-C13 
N2-H1 
C3-C4 
C4-C6 
C4-C5 
C6-C4-C5 
C6-C4-C3 
C5-C4-C3 
N1-C5-C4 
N1-C5-S1 
C4-C5-S1 
N2-C6-C4 
N2-C6-S2 
C4-C6-S2 
1.421 (4) 
1.341(4) 
1.432(4) 
0.84 (3) 
1.468(4) 
1.379(4) 
1.457(4) 
118.0(3) 
118.4(3) 
123.6 (3) 
128.2 (3) 
120.0(2) 
111.8(2) 
126.0 (3) 
115.8(2) 
118.1(2) 
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Fig 1 Molecular structure of compound (XCVIII), showing the atomic labeling 
scheme for non-hydrogen atoms. Ellipsoids have been drawn at 30% 
probability level 
C16 C15 CIO 
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The (XCVIII) is expected to be formed by the oxidation of (XCIV) as given 
below 41 
o 
II 
P h — N = C — C - C - O C 2 H 5 
/ II 
HS C - N H - P h 
[O] Ph-N= 
O 
II 
C-OC2H5 
HS 
"^S'" ^ N H - P h 
(XCIV) (XCVIII) 
Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
A mixture of ethylacetoacetate and phenylisothiocyanate was taken in 
THF. Sodium carbonate was added as a base along with 1-2 drops of water. The 
reaction mixture was then heated on water bath for 18 hours. After usual workup and 
removal of the solvent gave an oily mixture which was chromatographed on silica 
gel column. Elution of the column in petroleum-ether-benzene 7:3 gave ethyl 3-
(phenyl amino)-3-thioxopropanoate (XCIX) as a semi solid which failed to 
crystallize at room temperature. 
O O H — N—C—CH2COOC2H5 
i Ph—N= 
o ii CTAB iii THF 
(XCIX) 
Characterization of the compound as ethyl 3-(phenyl amino)-3-
thioxopropanoate (XCIX): 
The elemental analysis of the compound corresponded to the molecular 
formula C11H13NO2S. The IR spectrum of the compound exhibited bands at 3376 
(N-H), 1733 (C=0 of ester), 1370 cm"' (C-N) and 1230 cm"' (C= S). The ' H N M R 
spectrum of the compound displayed a multiplet centered at 5 7.0-7.77 which was 
assigned to aromatic protons. A triplet at 8 1.34 was observed and accounted for 
methyl protons and quartet at 5 3.9 for methylene protons. N-H proton was observed 
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as a singlet at 6 11.05. Additional support to the structure XCIX was provided by its 
mass spectrum which showed respective molecular ion peak (M"^ ) at m/z 223, other 
notable peaks include 192, 191, 178/177, 136, 92, 65 etc. The formation of these 
fragment ions is given below in Scheme 10. 
H-N 
m/z 65 -HCN 
H — N -
ri 
—CH2C00C2H5 
M ,^ m/z 223 
u 
o 
S O 
II II 
H-N-C—CH2-C 
=S—^ m/z 177 
m/z 178 
H - N - C 
m/z 92 m/z 136 
Scheme 10 
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Finally the structure of (XCIX) can be supported by its mechanism given in 
Scheme 11. 
o o 
II II 
CH3—C—CH-C-OC2H5 
( ^ 
o o 
II II 
CHj—C—CH-C-OC2H5 Ph—N=C=S 
S O 
II - II 
Ph-NH-C— CH—C-OC2H5 
H 
S O 
II II 
Ph-NH-C— CH2—C-OC2H5 
(XCIX) 
S 0 
II II 
Ph-NH-C— CH—C-OC2H5 
CH3—C=0 
L 
OH 
Scheme 11 
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Reaction of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
A mixture of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 was 
taken in THF. Sodixmi carbonate was added as a base along with 1-2 drops of water. 
The reaction mixture was then heated on water bath for 18 hours. After usual 
workup and evaporation of the solvent afforded (C) as a semi solid. 
O O 
i P h — N = C ^ = 0 
O 
II 
H— N—C—CH2COOC2H5 
O \ 11 THF 
(C) 
Characterization of the compound as ethyl 3-oxo 3-(phenylamino) propanoate 
(C): 
The elemental analysis of the compound corresponded to the molecular 
formula C11H13NO3. The IR spectrum of the compoimd exhibited bands at 3309 (N-
H), 1733 (C=0 of ester), 1682 (C=0 of amide) and 1370 cm"' (C-N). Considering 
the mechanism and the IR bands observed suggest the structure (C) which can 
explain the 'H N M R and mass spectral studies and hence they support the 
formulation of the compoimd (C) as ethyl 3-oxo 3-(phenylamino) propanoate. 
The 'H NMR spectrum displayed a multiplet at 5 6.92-7.73 (aromatic). N-H 
proton was appeared at 59.27 as singlet. A triplet at 6 1.31 and quartet at 6 4.28 
were assigned to methyl and methylene protons respectively. A singlet at 6 3.9 was 
observed for CH2 protons. Mass spectra gave molecular ion peak [M^ ] at m/z 207; 
other notable peaks include 162, 120, 92, 65 etc. The formation of these fragment 
ions is given below in Scheme 12. 
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0 
II 
H — N—C—CH2COOC2H5 
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Formation of C can be shown according to Scheme 13. 
O O 
II II 
CH3—C-CH-C-OQF^ 
B 
O O 
II II 
CHj-C-CH-C-OQt* Ph—N=C=0. 
O O 
II - II 
O O 
II II 
Ph-M^C— CHz-C-OCjt^ 
(Q 
o o 
II II 
Ph-NH-C— OH—C-OQf^ 
at-c=o 
L 
OH 
Scheme 13 
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Reaction of diethyl malonate (CI) and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
A mixture of diethyl malonate (CI) and phenylisocyanate in molar ratio 1:1 
was taken in THF. Sodium carbonate was added as a base along with 1-2 drops of 
water. The reaction mixture was then heated on water bath for 15 hours. After usual 
workup and removal of the solvent afforded (C) as a semi solid. 
O O 
CH3CH2. \ CH2CH3 + p h _ N = C = 0 
i. THF 
0 ^ 0 
(CI) 
ii. NazCOj 
Reflux 
O 
II 
H— N—C—CH2COOC2H5 
(C) 
The tentative mechanism for the formation of (C) is given below in Scheme 14. 
O 
II 
^C-OC2H5 
"CH 
B C-OC2H5 
II 
O 
C-OC2H5 
Ph—N=C=0 
o o 
Ph—NH— C—CH2—C-OC2H5 
(C) 
Ph—NH—C 
II f ^ 
O C-OC2H5 
-^OH 
~C-0C2Hs 
II 
o 
o 
o 
II 
C-OH 
-CO <^^ Ph—NH—C—CH 
C-OC2H5 
II 
O 
Scheme 14 
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Reaction of diethyl malonate (CI) and phenylisothiocyanate in molar ratio 1:1 
in tetrahydrofuran (THF): 
A mixture of diethyl malonate and phenylisothiocyanate in molar ratio 1:1 
was taken in THF. Sodium carbonate was added as a base along with 1-2 drops of 
water. The reaction mixture was then heated on water bath for 15 hours. After usual 
workup gave a crude oily mixture of two compounds which were purified into 
individual component A, m.p. 112-14°C (CII) and B, m.p. 135-37°C (CIII). 
0 0 O H S 
CH3CH2^  k A /^"2CH3 . p h - N = C = S ' - ^ > c H , C H , - 0 - C - C - C - N H - P h 
Reflux S=C-NH-Ph 
(^'^ (CII) 
S 
II 
H O C-NH-Ph 
I 
Ph—N—C-
(CIII) 
-N-Ph 
Characterization of the compound A m.p. 112-114^C as ethyl 3-(phenylamino)-
2-(phenylcarbamothi- oyl)-3-thioxopropanoate (CII): 
The elemental analysis of the compoimd corresponded to the molecular formula 
C18H18N2O2S2. The IR spectrum of the compound showed absorbtion bands at 3371 
(N-H), 1706 (C=0), 1370 (C-N) and 1200 cm"' (C=S). The 'H N M R showed a 
multiplet pattern of aromatic protons at 8 7.20-7.60. Two singlets at 5 11.6 and 6 
12.5 can be ascribed to the two NH protons. A triplet at 6 1.40 and quartet at 5 4.44 
were accounted for methyl and methylene protons respectively. CH proton was 
observed at 2.5. 
On the basis of these spectral values and the expected reactions the 
compound A is formulated as ethyl 3-(phenylammo)-2-(phenylcarbamothi- oyl)-3-
thioxopropanoate (CII) which finds support from the mass spectral studies. 
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The mass spectrum of the compound showed molecular ion peak at m/z 358, 
other notable peaks include m/z 329, 313, 285, 222, 207, 136, 92, 65 etc. The 
formation of these fragment ions is given below in Scheme 15. 
S C—NH-Ph 
II I 
NH-C—CH-C-OC2H5 
m/z 313 <^2^5 -C,H 
O 
•2"5 , m/z 313 
M\ m/z 358 
S C—NH-Ph 
II I 
NH-C—CH 
m/z 285 
+ S 
II 
C2H5O—C-CH— C—NH 
II 
O 
\ ^ 
m/z 222 
NH 
m/z 92 
m/z 65 
S 
II-
-C 
m/z 136 
X 
.u 
CH2O—C-CH— C—NH 
II 
0 
Scheme 15 
m/z 207 
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The tentative mechanism for the formation of (CII) is given below in 
Scheme 16. 
H. 
O 
II 
O 
H / C - O C 2 H 5 
C—OC2H5 
II 
o 
Ph-NH~ 
7 
NH 
Ph-NH-
NH 
:c 3^ 
^C-OCjHs 
II 
o 
o 
II 
X - O H 
C-OC2H5 
II 
o 
P h — N = C = S 
P h — N = C = S 
-co. 
C2H50 
B O II 
.C-OC2H5 
NH 
p/ 
/ ^C—OC2H5 
II 
o 
O H S 
II I II 
- C — C - C - N H - P h 
C-NH—Ph 
II 
S 
(CII) 
Scheme 16 
Characterization of the compound B m.p. 135-137 C as 2-oxo-N-phenyl 3-(N-
phenyloxamide) 3-(N-phenyIthioxamide) 4-thioxo azetidine (CIII): 
The elemental analysis of the compoimd corresponded to the molecular 
formula C23H17N3O2S2. The IR spectrum of the compound showed absorption bands 
at 3378 (N-H), 1742 (C=0 of cyclic amide), 1685 (C=0 of amide), 1374 cm"' (C-N) 
and 1201 cm'' (C=S). The ' H N M R spectrum of the compound displayed a multiplet 
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pattern of aromatic protons at 5 7.06-7.56. The N-H protons were observed at 6 14.7 
and 8 14.9. The Mass spectra showed notable peaks at 431 (IVT), 311/310, 295, 
268/267, 136, 120, 92, 65 etc. The formation of these fragment ions is given below 
in Scheme 17. 
H O C-NH-Ph 
P h — N — C-
m/z 310 •* 
O / 
-N~ Ph 
Mm/z 431 
m/z 65 -* 
m/z 92 m/z 120 m/z 136 
Scheme 18 
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The mechanism for the formation of (CIII) can be given as below in Scheme 
18. 
C2H5O 
o H; s 
II K II 
-C—C-C-NH-Ph 
Ph—NH-C 
II 
S 
(CII) 
o 
C2H5O —C—C-C-NH—Ph 
Ph—N 
^ NH—Ph 
o c^ s 
C2H5O - ^ C — C - C - N H - P h ^ 
-J 
P h - N H - C 
II 
S 
Ph—N=C=S 
o % 
Ph' -N-
C - N H - P h 
-C-NH—Ph 
II 
S 
V. 
(CIII) 
Scheme 18 
On the basis of forgoing discussion the compound B m.p. 135-37°C can best be 
characterized as 2-oxo-N-phenyl 3-(N-phenyloxamide) 3-(N-phenylthioxamide) 4-
thioxoazetidine(CIII). 
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Reaction of ethvlacetoacetate and phenvlisocvanate in molar ratio 1:1 with 
phase transfer catalyst CTAB in benzene: 
A mixture of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 was 
taken in benzene. A catalytic quantity of phase transfer catalyst 
cetyltrimethylammonium bromide (CTAB) and sodium carbonate as a base along 
with 1-2 drops of water were also added. The reaction mixture was then heated on 
water bath for 9 hours. After usual workup and crystallization from diethylether-
alcohol afforded the compound (CIV) m.p. 105-106°C. 
0 0 OH 
i P h — N = C = 0 
O 
CH,—C=C—COOH 
ii CTAB ^ I 
iii Na^ COj 0 = C - N H - P h 
(CIV) 
Characterization of the compound m.p. 105-106°C as 3-hvdroxv-2-
(phenylcarbamovl) but-2-enoic acid (CIV): 
The elemental analysis of the compound corresponded to the molecular 
formula C11H11NO4. The IR spectrum of the compound exhibited bands at 3289 (N-
H), 1670 (C=0), 1603 (C=C), 1360 cm'' (C-N). The compound exhibited positive 
bicarbonate test which showed the presence of COOH group. The 'HNMR spectrum 
of the compound gave a multiplet pattern of aromatic protons observed at 5 7.13-
7.56. A singlet at 6 3.52 was assigned to 0-H proton. N-H proton was observed at 5 
8.67 as singlet. A singlet at 5 1.55 was accounted for methyl protons. 
On the basis of these spectral values and expected reaction the compound 
was tentatively formulated as 3-hydroxy-2-(phenylcarbamoyl) but-2-enoic acid 
(CIV). This finds support from the mass spectrum which displayed molecular ion 
peak [M^] at m/z 221, other notable peaks were found at m/z 176,120,101/100,92, 
65, 44/43 etc. The formation of these fragment ions from (CIV) is suggested in 
Scheme 19. 
162 
Cfiapter-lV 
m/z 176 -COOH 
OH 
I 
CH3—C=C—COOH 
0 = C - N H - P h 
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OH 
m/z 100 -^^— C H 3 — C = C — C O O H 
m/z 101 
m/z 43 -«- -H 
OH 
CH3—C 
m/z 44 
O 
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m/z 120 
NH 
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The tentative mechanism for the formation of (CIV) is given in Scheme 20. 
O O 
II II 
CH3 —C—CH-C-OC2H5 
N = C = 0 
II II ( ^ 
CH3 —C—CH-C-OC2H5 
Ph—NH-C=0 
OH 
H,, 
O^ ' 'O O O 
I II .Ph II II 
C H 3 — C = C - C - N ^ , CH3—C—CH-C-OH 
HO—C=0«.->'>'"" Ph—NH-C=0 
(CIV) 
Scheme 20 
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Reaction of dimedone (CV) and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran: 
A mixture of dimedone (CV) and phenylisocyanate in molar ratio 1:1 was 
refluxed in tetrahydrofuran for 10 hours. Sodium carbonate was added as a base 
along with 1-2 drops of water. After usual,workup and crystallization from ether-
acetone afforded (CVI) m.p. 75-76°C. 
+ Ph—N=C=0 i.THF 
ii. NajCOj 
iii. Reflux 
NH—Ph 
(CV) (CVI) 
Characterization of the compound m.p. 75-76"C as 2-hydroxy-4,4-dimethyl-6-
oxo-N-phenyl- cyclohex -2-enecarboxamide (CV): 
The elemental analysis of the compound corresponded to the molecular 
formula C15H17NO3. The IR spectrum of the compound exhibited bands at 3250 (N-
H), 1370 (C-N) and 1640 (C=0 a, p unsaturated). The 'H N M R spectrum of the 
compound displayed a multiplet centered at 5 7.42-7.57 which was assigned to 
aromatic protons. A singlet of six protons appeared at 6 1.05 was assigned to gem-
dimethyl protons. A doublet at 6 2.56 was accounted for H-3 and H-5 protons. NH 
and OH protons were observed at 6 16.82 and 6 13.84 respectively. Further the 
structure of (CVI) was supported by its mass spectrum which showed molecular ion 
peak at m/z 259 (M^) with other notable peaks at 260 [M+1], 167. The formation of 
these fragment ions can be shown as given in Scheme 21. 
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The mechanism of the formation of (CVI) is given in Scheme 22. 
O 
H — 
'O 
(CV) 
o NH—Ph 
O 
OH 
(CVI) 
Scheme 22 
Ph—N=C=0 
NH-Ph 
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Reaction of dimedone (CV) and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran: 
A mixture of dimedone (CV) and phenylisothiocyanate in molar ratio 1:1 
was refluxed in tetrahydrofuran for 12 hours. Sodium carbonate was added as a base 
along with 1-2 drops of water. After usual workup and crystallization from 
chloroform-acetone afforded (CVII) m.p 135-37°C. 
+ P h — N = C = S i.THF 
ii. Na2C03 
iii. Reflux 
NH—Ph 
(CV) (CVII) 
Characterization of the compound m.p 135-37 C as 4, 4-dimethyI-2,6-dioxo-N-
phenylcyclo- hexanecarbothioamlde (CVII): 
The elemental analysis of the compound corresponded to the molecular 
formula C15H17NO2S. The IR spectrum of the compound showed absorption bands 
at 3350 (N-H), 1376 cm' (C-N), 1225 (C= S). The ' H N M R spectrum of the 
compound displayed two singlets of two protons each at 5 2.39 and 5 2.58 assigned 
to H-3 and H-5 protons respectively. A singlet of six protons was observed at 5 1.02 
accounted for gem-dimethyl protons. A multiplet centered at 6 7.16-7.37 was 
assigned to aromatic protons. A singlet for one proton was observed at 5 3.36 
accounted for H-1 proton. A signal at 5 17.48 was observed for NH proton. Further 
the structure of (CVII) was supported by its mass spectrum which showed molecular 
ion peak [M^] at m/z 275 with other notable peaks at 183, 154 and 92. The 
formation of these fragment ions can be shown as given in Scheme 23. 
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The mechanism of the formation of (CVII) is given in Scheme 24. 
O O 
H Ph—N=C=S 
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o 
(CVII) 
Scheme 24 
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All melting points were observed on a Kofler hot block and are uncorrected. 
IR spectra were obtained with Perkin-Ehner 1800 (FTIR) spectrophotometer. IR 
values are given in cm''. NMR spectra were run in CDCI3 on a Bruker AV 500 (500 
MHz) with (CH3)4Si as internal standard and its values are given in ppm (5). Mass 
spectra were measured on Jeol D-300 (Ei= mode) and Jeol SX 102/DA-6000 (FAB 
mode) mass specrophotometers. The values (m/z) of fragments ions from various 
compounds are given in parentheses which are the relative abundance (%) of the 
peaks with respect to the base peak as 100%. In X-ray crystallography a crystal was 
mounted on a glass fiber. Diffraction data were recorded on a Bruker-Axs Smart 
Apex system equipped with a graphite monochromatized Mo Ka radiation (k = 
0.71073A). The data were collected using SMART. The data integration was 
performed using SAINT. An empirical absorption correction was carried out using 
SADABS. The structure was solved with the direct methods and refined by full 
matrix least square methods based on F ,^ using the structiire determination and 
graphics package SHELXTL''^  based on SHELX 97. The amine hydrogen atom was 
located on a difference Fourier map and refined isotropically. All other hydrogen 
atoms were included at calculated positions using a riding model. Crystallographic 
data are given in Table 1. Selected bond lengths and angles are given in Table 2. 
Complete bond lengths and bond angles, anisotropic thermal parameters and 
calculated hydrogen coordinates are deposited as supplementary materials. 
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Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:1 with 
phase transfer catalyst CTAB in benzene: 2-(ethoxycarbonyl)-l-phenylimino-3-
phenylamino 1,3-dimercptaI-2-propene (XCIV): 
The ethylacetoacetate (1.26 ml, 10 mmol) in benzene (50 ml) was treated 
with phenylisothiocyanate (1.19ml, 10 mmol). A catalytic quantity of phase transfer 
catalyst cetyltrimethylammonium bromide (CTAB) (0.073 gm, 0.0002 mol) and 
Na2C03 (2.12 gm, 0.02 mol) as a base along with 1-2 drops of water were also 
added. The reaction mixture was heated on water bath for 12 hours. Then it was 
poured into cold water and extracted with ether. The ethereal layer was washed with 
water and dried over anhydrous sodium sulphate. Evaporation of the solvent gave an 
oily residue which on repeated crystallization from chloroform-alcohol as a yellow 
needle shaped crystals m. p. 146°C, yield 68% and characterized as 
2-(ethoxycarbonyl)-1 -phenyliniino-3 -phenylamino 1, 3 -dimercaptal-2-propene 
(XCIV). 
Analysis found: C, 60.30; H, 5.04; N, 7.80% 
C18H18O2S2N2 requires: C, 60.31; H, 5.06; N, 7.81% 
IR:vf„cmS 
3250 (N-H), 2550 (S-H), 1640 (C=0 a, p unsaturated), 1495 (C=C), 1372 (C-N), 
1230 (C=S). 
'H NMR (500 MHz, CDCI3), values on 8 scale: 
11.30 (IH, s, NH), 6 6.93-7.35 (10 H, m, aromatic), 4.38 (2H, q, CH2), 2.3 (IH, s, 
CH),1.35 (3H, t, CH3); 1.60 and 1.63 (2H, s, 2 x SH). 
^^ C NMR (125 MHz, CDCI3), values on 8 scale: 
175 (C=0 of ester), 163 (C-1), 152 (C-3), 149.4-124.3 (carbons of imine and 
amine phenyl) 96 (C-2), 61.4 (OCH2), 14.4 (CH3). 
Mass m/z (relative intensity): 
358 [M^] (2.6), 313 (1.5), 149 (4.5), 136 (16.3), 135 (5.8), 92 (8.2), 77 (100), 65 
(11.4), 51 (80.2). 
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Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:2 with 
phase transfer catalyst CTAB in benzene: 2-(ethoxycarbonyl)-l-phenyiimino-3-
phenylamino 1, 3-dimercptal-2-propene (XCIV) and O-ethyl phenyl-
carbamothioate (XCV): 
The ethylacetoacetate (1.26 ml, 10 mmol) in benzene (50ml) was treated 
with phenylisothiocyanate (1.19ml, 10 mmol). A catalytic quantity of phase transfer 
catalyst cetyltrimethylammonium bromide (CTAB) (0.073 gm, 0.0002 mol) and 
NaiCOa (2.12 gm, 0.02 mol) as a base along with 1-2 drops of water were also 
added. The reaction mixture was heated on water bath for 12 hours. After usual 
workup (as described earlier) and evaporation of the solvent gave an oily residue 
which was chromatographed on a silica gel colunm. Elution of the colvram with 
petroleirai-ether-benzene (7:3) gave a solid which was crystallized from chloroform-
acetone as white shining crystals, m. p. 70''C, yield 18% and identified as O- ethyl 
phenylcarbamothioate (XCV). 
Analysis found: C, 59.62; H, 6.10; N, 7.74% 
C9H11NOS requires: C, 59.64; H, 6.12; N, 7.73% 
IR:v2cm-': 
3250 (N-H), 1370 (C-N), 1225 cm"' (C=S). 
'H NMR (500 MHz, CDCI3), values on 8 scale: 
11.46 (IH, s, NH), 6.98-7.10 (5 H, m, aromatic), 3.58 (2H, q, CH2), 1.4 (3H, t, CH3). 
'^ C NMR (125 MHz, CDCI3), values on 8 scale: 
188.5 (C=S), 137.1-123.6 (Carbons of amine and imine phenyl), 66.3 
(OCH2), 14.1 (CH3). 
Mass m/z (relative intensity): 
181 [M^] (90.2), 152 (8.9), 136 (29.2), 92 (42.5), 77 (100), 65 (76.5), 51 (84.7). 
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Further elution of the column with petroleum-ether-benzene (1:1) gave a solid which 
was crystallized from chloroform-alcohol as yellow needle shaped crystals, m.p. 
146°C, yield 56% and characterized as 2-(ethoxycarbonyl)-l-phenylimino-3-
phenylamino 1, 3-dimercaptal-2-propene (XCIV). 
Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:4 with 
phase transfer catalyst CTAB in benzene: 2-(etlioxycarbonyl)-l-phenylimino-3-
phenylamino 1, 3-dimercaptal-2-propene (XCIV), 2-(ethoxycarbonyl)-3-oxo-N-
plienyl-2-(plienylcarbamoyl) butanimidothioic acid (XCVI), 2-oxo-N, N'-
diphenyI-4-(phenyIimino) thietane-3,3-bis(carbothioamide) (XCVII), ethyl 5-
(phenylamino) 3-(plienyliniino)-3H-l,2-ditIiiole-4-carboxylate (XCVIII): 
A solution of ethylacetoacetate (1.26 ml, 10 mmol) in benzene (50ml) was 
mixed with phenylisothiocyanate (4.76 ml, 10 mmol). A catalytic quantity of phase 
transfer catalyst cetyltrimethylammonium bromide (CTAB) (0.073 gm, 0.0002 mol) 
and Na2C03 (2.12 gm, 0.02 mol) as a base along with 1-2 drops of water were also 
added. The reaction mixture was heated on water bath for 12 hours. After the usual 
workup in ether (as described earlier) and evaporation of the solvent gave semi solid 
which was subjected to column chromatography over silica gel. Elution of the 
colunm with petroleum-ether-benzene (1:1) gave a solid which was crystallized 
from chloroform-alcohol as a yellow needle shaped crystals, m.p. HS^C yield 72% 
and identified as 2-(ethoxycarbonyl)-l-phenyUmino-3-phenylamino 1, 3-dimerc-
aptal-2-propene (XCIV). 
On refluxing the above reaction mixture for 20 hours and then usual work up 
in ether and evaporation of the solvent gave semi solid which was subjected to 
column chromatography. Elution of the column in petroleum-ether-benzene (6:4-
1:1) gave a solid which on crystallization from chloroform-alcohol yielded (XCIV), 
m.p. 146°C, yield 48%. 
Further elution of the column in benzene gave a solid which was 
recrystallized from ether-alcohol to give 2-(ethoxycarbonyl)-3-oxo-N-phenyl-2-
(phenylcarbamo- thioyl) butanimidothioic acid (XCVI), m.p. 150°C, yield 10%. 
Analysis found: C, 59.86; H, 5.12; N, 7.04% 
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C20H20N2O3S2 requires: C, 59.98; H, 5.03; N, 6.99%. 
IR:v;^f:cm-': 
3433 (N-H), 1706 (C-0), 1382 (C-N), 1211 cm'' (S-H). 
' H N M R (500 MHz, CDCI3), values on 8 scale: 
13.0(1H, s, NH), 6.90-7.38 (10 H, m, aromatic), 4.45 (2H, q, CH2), 2.69 (2H, s, 
CH3-CO protons), 1.51 (1H, s, SH), 1.40 (3H, t, CH3). 
"C NMR (125 MHz, CDCI3), values on 8 scale: 
206.2 (C=0 of acetyl), 196.4 (C=S), 175.4 (C=0 of ester), 164.2 (N=C-SH), 
149.0-122.6 (Carbons of amine and imine phenyl), 62.4 (OCH2), 29.7 (CH3 of 
acetyl), 14.1 (CH3 of ethoxy). 
Mass m/z (relative intensity): 
400 [M^] (absent), 339 (2.2), 264 (6.3), 136 (5.5)/135 (46.6), 120 (1.5), 92 (4.5), 65 
(8.1), 43 (100) etc. 
Further elution of the column in benzene-ethylacetate (95:5) gave a solid 
which was crystalized from chloroform-alcohol as yellow solid m.p. 158°C, yield 
8% and characterized as 2-oxo-N, N'-diphenyl-4-(phenylimino) thietane-3, 3-bis 
(carbothioamide) (XCVII). 
Analysis found: C, 61.74; H, 3.81; N, 9.38% 
C23H17N3OS3 requires: C, 61.72; H, 3.83; N, 9.39% 
IR:v2cn , - ' : 
3444^.H), 1642 (C=N), 1178 cm"' (C=S). 
' H NMR (500 MHz, CDCI3), values on 8 scale: 
12.39 & 12.77 (2H, s, 2 xNH), 7.02-7.56 (lOH, m, aromatic). 
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"C NMR (125 MHz, CDCI3), values on 8 scale: 
196.4 (C=0 of thietane ring), 195.6 (C=S), 164.4 (C=N of thietane ring), 
149.4-122.6 (Carbons of amine and imine phenyl), 98.2 (C-3 of thietane ring). 
Mass m/z (relative intensity): 
447 [M^] (11.5), 136 (22.5), 92 (12.5), 91 (100), 77 (16.5), 65 (40.7), 51 (21.8). 
Continued elution with benzene-ethylacetate (9:1) gave a solid which was 
crystallised from chloroform-alcohol as yellow needle shaped crystals m.p. 142°C, 
yield 6% and characterized as ethyl 5-(phenylamino)-3-(phenylimino)-3H-l, 2-
dithiole-4-carboxylate (XCVIII). 
Analysis found: C, 60.64; H, 4.54; N, 7.85; 0,8.99; S, 17.97% 
C18H16N2O2S2 requires: C, 60.65; H, 4.52; N, 7.86; O, 8.98; S, 17.99% 
I R : v f : c m ' : 
max 
3476 (N-H), 1682 (C=0), 1388 (C-N). 
*H NMR (CDCI3), values on 8 scale 
7.60-7.80 (lOH, m, aromatic protons), 4.44 (2H, q, CH2), 9.6 (IH, s, NH), 1.48 (3H, 
t,CH3). 
'^ C NMR (125 MHz, CDCI3), values on 8 scale: 
168.0 (C=0 of ester), 153.1 (C-3 of dithiole ring), 149.0-117 (Carbons of 
amine and imine phenyl), 62.1 (OCH2), 14.2 (CH3). 
Mass m/z (relative intensity): 
356 [M^] (2.2), 279 (3.1), 265 (2.6), 187 (5.6), 92 (7.6), 91 (24.8), 77 (70.5), 65 
(30.5), 51 (67.9). 
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Empirical formula 
Formula weight 
Crystal color and shape 
Crystal size (mm) 
Crystal system 
Space group 
Temperature (K) 
Radiation 
Aaic (g-cm') 
a (A) 
b(A) 
c(A) 
a ( ° ) 
P (°) 
y (°) 
V(k') 
Z 
|a (mm'') 
Transmission coefficient 
Measured reflections 
Independent reflections (Rint) 
Observed reflections 
[I > 2a (I)] 
R,, wR2 (2a (I)) : 
Ri, wR2 (all data) : 
Nximber of variables : 
8pmin; 5pmax ( c A ' ) : 
Goodness of fit on F : 
: Ci8H,6N202S2 
: 356.45 
: yellow, parallelepiped 
: 0.42x0.17x0.08 
triclinic 
P-1 
: 297 
: Mo Ka(;i = 0.71073 A) 
1.348 
: 5.7396(8) 
12.2162(16) 
14.1234(19) 
112.120(2) 
97.848(2) 
100.699(2) 
878.0(2) 
2 
0.316 
0.879-0.975 
7749 
4034 (0.0229) 
2765 
0.0560,0.1352 
0.0849,0.1463 
222 
-0.210; 0.395 
1.108 
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Reaction of ethylacetoacetate and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): ethyl 3-(phenyl amino)-3-thioxopropanoate (XCIX): 
A solution of ethylacetoacetate (1.26 ml, 10 mmol) in tetrahydrofuran (50ml) 
was mixed with phenylisothiocynate (1.19 ml, 10 mmol). NaaCOa (2.12 gm, 0.02 
mol) was added as a base along with 1-2 drops of water. The reaction mixture was 
then heated on water bath for 18 hours. After usual workup and removal of the 
solvent gave an oily mixture which was chromatographed on silica gel colimm. 
Elution of the column in petroleum-ether-benzene 7:3 gave ethyl 3-(phenyl amino)-
3-thioxopropanoate (XCIX) as semi solid yield 62%. 
Analysis found: C, 59.14; H, 5.89; N, 6.30% 
C23H17N3OS3 requires: C, 59.17; H, 5.87; N, 6.27% 
3376 (N-H), 1733 (C=0 of ester), 1370(C-N), 1230 cm"' (C=S) 
'H NMR (CDCI3), values on 8 scale: 
11.05 (IH, s, NH), 7.0-7.77 (5H, m, aromatic protons), 3.9 (2H, s, CH2), 1.34 (2H, 
q, CH2). 
Mass m/z (relative intensity): 
223 [M^] (16), 178 (12)/177 (24), 136 (65), 92 (38), 65 (56). 
Reaction of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): ethyl 3-oxo 3-(phenylamino) propanoate (C): 
A mixture of ethylacetoacetate (1.27 ml., 10 m mol) and phenylisocyanate 
(1.08 ml., 10 mmol) in molar ratio 1:1 was taken in THF. Na2C03 (2.12 gm, 0.02 
mol) was added as a base along with 1-2 drops of water. The reaction mixture was 
then heated on water bath for 18 hours. After usual workup (as described earlier) and 
removal of the solvent afforded ethyl 3-oxo 3-(phenylamino) propanoate (C) as semi 
soHd, yield 58%. 
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Analysis found: C, 63.78; H, 6.35; N, 6.72% 
C23H17N3OS3 requires: C, 63.76; H, 6.32; N, 6.76% 
IR:v:rciii 
3306 (N-H), 1733 (C=0), 1370(C-N) 
H^ NMR (CDCI3), values on 8 scale 
9.27 (IH, s, NH), 6.92-7.73 (5H, m, aromatic protons), 4.28 (2H, q, CH2), 3.9 (2H, 
s,CH2), 1.31(3H,t,CH3). 
Mass m/z (relative intensity): 
207 [M ]^ (32), 162 (18), 136 (10), 120 (22), 92 (28), 65 (43). 
Reaction of diethyl malonate and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran (THF): 
A mixture of diethyl malonate (1.52 ml, lOmmol) and phenylisocyanate 
(1.08 ml., 10 mmol) in molar ratio 1:1 was taken in THF. Na2C03 (2.12 gm, 0.02 
mol) was added as a base along with 1-2 drops of water. The reaction mixture was 
then heated on water bath for 15 hours. After usual workup and removal of the 
solvent it afforded ethyl 3-oxo 3-(phenylamino) propanoate (C) as semi solid yield 
64%. 
Reaction of diethyl malonate and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran(THF): ethyl 3-(pheny lamino)-2-(pheny lcarbamothioyl)3-
thioxo propanoate (CII), 2-oxo-N-phenyl 3-(N-phenyloxamide) 3-(N-
phenylthioxamide) 4-thioxo azetidine (CIII): 
A mixture of diethyl malonate (1.52 ml., 10 mmol) and phenylisothiocyanate 
(1.19 ml, 10 mmol) in molar ratio 1:1 was taken in THF. Na2C03 (2.12 gm, 0.02 
mol) was added as a base along with 1-2 drops of water. The reaction mixture was 
then heated on water bath for 15 hours. After usual workup (as described earlier) and 
removal of the solvent gave an oily mixture which was chromatographed on silica 
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gel column. Elution of the column in petroleum-ether-benzene 7:3 gave ethyl 3-
(phenylamino)-2-(phenylcarbamothioyl)-3-thioxopropanoate (CII) as white crystals 
m.p. 112-114°C; yield 38%. 
Analysis found: C, 60.29; H, 5.09; N, 7.83% 
C18H18N2O2S2 requires: C, 60.31; H, 5.06; N, 7.81% 
IR:v;^ cm^: 
3371 (N-H), 1706 (C=0), 1370 (C-N), 1200 (C=S). 
H^ NMR (CDCI3), values on 6 scale: 
7.20-7.60 (lOH, m, aromatic protons), 4.44 (2H, q, CH2), 2.25 (IH, s, CH), 1.40 
(3H, t, CH3), (IH, s, CH). 
Mass m/z (relative intensity): 
358 (IvT) (15), 329 (12), 313 (22), 285 (20), 222 (24), 207 (32), 136 (100), 92 (62), 
65 (46). 
Elution of the column in benzene it gave 2-oxo-N-phenyl 3-(N-
phenyloxamide) 3-(N-phenylthioxamide) 4-thioxo azetidine (CIII) as white solid 
m.p. 135-137°C; yield 28%. 
Analysis found: C, 64.05; H, 3.95; N, 9.71% 
C23H,7N302S2 requires: C, 64.02; H, 3.97; N, 9.74% 
IR:vfjcm': 
3378 (N-H), 1742 (C=0), 1685 (C=0 of amide), 1374 (C-N), 1201 (C=S). 
*H NMR (CDCI3), values on 8 scale: 
14.7-14.9 (2H, s, 2 X NH), 7.06-7.56 (15H, m, aromatic protons). 
Mass m/z (relative intensity): 
431 [NT] (31), 311 (12)/310 (15), 295 (22), 268 (10)/267 (20), 136 (35), 120 (15), 
92 (18), 65 (38). 
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Reaction of ethylacetoacetate and phenylisocyanate in molar ratio 1:1 with 
phase transfer catalyst CTAB in benzene: 3-hydroxy-2-(phenyIcarbanioyl) but-
2-enoic acid (CIV): 
A mixture of ethylacetoacetate (1.26 ml, 10 mmol) and phenylisocyanate 
(1.08 ml, 10 mmol) in molar ratio 1:1 was taken in benzene. A catalytic quantity of 
phase transfer catalyst cetyltrimethylammonium bromide (CTAB) and Na2C03 (2.12 
gm, 0.02 mol) as a base were also added along with 1-2 drops of water. The reaction 
mixture was then heated on water bath for 9 hours. It was then poured into cold 
water and extracted with ether. The ethereal layer was washed with water and dried 
over anhydrous sodium sulphate. Removal of the solvent and crystallization from 
ether-alcohol afforded 3-hydroxy-2-(phenylcarbamoyl) but-2-enoic acid (CIV), m.p. 
158°C, yield 72%. 
Analysis found: C, 59.71; H, 5.04; N, 6.31; 0,28.90% 
CnHiiN04 requires: C, 59.73; H, 5.01; N, 6.33; 0,28.93% 
IR:v2cni-': 
3289 (N-H), 1670 (C=0), 1603 (C=C), 1360 (C-N), 1200 (C=S). 
'H NMR (CDCia), values on 8 scale 
8.67 (IH, s, NH), 7.13-7.56 (5H, m, aromatic protons), 3.52 (IH, s, OH), 1.55 (3H, 
s,CH3). 
Mass m/z (relative intensity): 
176 [M^] (10), 120 (15), 101 (22)/100 (35), 92 (32), 65 (42), 44 (30)/43 (35). 
Reaction of dimedone (CV) and phenylisocyanate in molar ratio 1:1 in 
tetrahydrofuran: 2-hydroxy-4, 4-dimethyl-6-oxo-N-phenylcyclohex-2-ene carb-
oxamide (CVI): 
A mixture of dimedone (1.40 gm, 10 mmol) and phenylisocyanate (1.08 ml., 
10 mmol) in molar ratio 1:1 was taken in THF. NaiCOa (2.12 gm, 0.02 mol) as a 
base was also added along with 1-2 drops of water. The reaction mixture was then 
heated on water bath for 10 hours. After usual workup, removal of the solvent and 
crystallization from etiier-acetone afforded 2-hydroxy-4,4-dimethyl-6-oxo-N-
phenylcyclohex -2-enecarboxamide (CVI), m. p. 75-76°C yield 56%. 
179 
Cfiapter-Iiy 
Analysis found: C, 69.34; H, 6.52; N, 5.46% 
C15H17NO3 requires: C, 69.48; H, 6.61; N, 5.40% 
,IR:v:^cm» 
3250,2957,1714,1640,1412,1370,1153,1052. 
'H N M R (CDCI3), values on 8 scale: 
16.82 (IH, s, NH), 13.84 (IH, s, OH), 7.42-7.57 (5H, m, aromatic), 2.56 (4H, 
d, H2-3, H2-5), 1.05 (6H, s, 2 X CH3). 
Mass m/z (relative intensity): 
259 [Nf] (40), 260 [M+1] (100), 167 (32), 92 (15) 
Reaction of dimedone (CV) and phenylisothiocyanate in molar ratio 1:1 in 
tetrahydrofuran: 4, 4-dimethyI - 2, 6-dioxo-N-phenyl-cycIohexanecarbothio-
amide (CVII): 
A mixture of dimedone (1.40 gm, 10 mmol) and phenylisothiocyanate (1.19 
ml., 10 mmol) in molar ratio 1:1 was taken in THF. Na2C03 (2.12 gm, 0.02 mol) as a 
base was also added along with 1-2 drops of water. After usual workup, removal of 
the solvent and crystallization from ether-alcohol afforded 4,4-dimethyl-2,6-dioxo-
N-phenylcyclo- hexanecarbothioamide (CVII), m. p. 135-37°C, yield 66%. 
Analysis found: C, 65.43; H, 6.22; N, 5.09% 
C15H17NO3 requires: C, 65.58; H, 6.34; N, 5.06% 
IR:vff:cm': 
max 
3350,2964,1718,1614,1376,1225. 
' H NMR (CDCI3), values on 8 scale: 
17.48 (IH, s, NH), 7.16-7.37 (5H, m, aromatic), 3.36 (IH, s, H-1), 2.58 (2H, 
s, H2-3), 2.39 (2H, s, H2-5) 1.02 (6H, s, 2 x CH3). 
Mass m/z (relative intensity): 
275 [IVT] (52), 276 [M+1] (92), 183 (48), 154 (46), 92 (27). 
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PHARMACOLOGICAL STUDY OF FICUSLYRATA AND 
SAUSSUREA SACRA AND SOME SYNTHETIC 
COMPOUNDS 
At present time, the trend of use of crude extracts and compounds of plant as drug is 
increasing day by day for example , the different extracts of the plants Jasmonia 
Montana showed hypoglycemic, antidiabetic and antimicrobial activities, the 
petroleum ether and ethanolic extracts exhibited hypoglycemic and antidiabetic 
activity and the petroleum ether and chloroform extract showed antimicrobial 
activity.' 
Antioxidant activity of the methanolic extract of Hypericum perforatum L. 
showed that the calabrian samples were more active than those from Sardinia. The 
antimicrobial activity evidenced the best performance on gram positive bacteria with 
a MIC value of 50 ^g/ml. Moreover antifungal activity of all the extracts was also 
tested which showed interesting results particularly on the phytopathogene fungus P. 
ultimum. The phytochemical analysis and the biological activity data suggested a 
possible use of H. perforatum extract in alimentary, cosmetic and pharmaceutical 
fields.^ 
The leaves of Blumea balsamifera afforded icthuthereol acetate 
cryptomeridiol, lutein and P-carotene. Antimicrobial tests indicated that icthuthereol 
has moderate activity against the fungi Aspergillus niger. Trichophyton 
mentagraphytes and Candida albicans while cryptomeridiol has low activity against 
the same. Both compounds have no antimicrobial activity against Pseudomonas 
aeruginosa. Staphylococcus aurens. Bacillus subtilis and Escherichia coli? 
Poulsenia armata (Moraceae) known commonly as 'Majagua' or 'Damagua' 
is a hardwood species from the American tropical region. Crude petroleum ether 
extract from bark of Poulsenia armata showed antimicrobial activity.'* 
Minimum erythemic dose (MED) of fruits of Ficus hispida show fair 
complexioned human volunteers using U.V. lamp studies. Oral adminisfration of 
unripe fruit powder (12.0 g twice a day for three days) cause photosensitization.^ 
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The extract of Ficus racemosa at doses of 200 and 400 mg/kg has been 
found to possess significant anti-inflammatory activity on the tested experimental 
models.^  
The extracts of new species of plants of genus Phyllanthus (Euphorbiaceae) 
exhibit antinociceptive properties. 
Bauhinia microstachya (Leguminoceae) a native plant widely distributed in 
south Brazil. The methanolic extracts (3-30 mg/kg, i.p) of the leaves of Bauhinia 
microstachya exhibit antinociceptive action.* 
The anti-oxidant capacities of the soxhlet methanolic extracts are determined 
and indicate that Tamarondus indica may be an important source of cancer chemo 
preventive natural products in tropical regions.' 
Dehydrocostus lactone and costunolide from Saussurea costus increased 
hexobarbital mduced sleeping time and decreased body temperature, nociception 
spontaneous locomotor activity thus exhibiting CNS depressant activity. *°'" 
Inhalation of the essential oil of Saussurea costus by women in labour 
minimized the symptoms related to pain during the course of labour. The drug 
produced mild sedation and no adverse effect on mother and foetus.'^  
The root powder of the plant Saussurea costus roasted in mustard oil is 
applied to relief stomachache.'^  
Roots of Saussurea costus along with Acorus calamus are used for the 
treatment of piles.''* 
The present chapter deals with the Antinociceptive activity of aqueous and 
alcoholic extracts of Ficus lyrata and Saussurea sacra. Open Field Behaviour of 
aqueous and alcoholic extracts of Ficus lyrata and Antimicrobial activity of above 
extracts and some of the synthetic compounds. 
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Materials dC Metfiods 
The study was conducted on seven weeks old male albino rats of 100-200 
gms of Charles foster strain. The rats were housed in groups of eight in standard 
breeding cages with free access to a solid diet (Gold Mohar, Lipton [hidia], Ltd.) 
and tap water except during the times of experiment. The "Animal Observation 
Room" was controlled so that the light dark cycle (light period 6.00 am to 6.00 pm; 
12 hours) and temperature (23± 2°C) were nearly constant. 
The animals were subjected to the following experimental conditions: 
1. Screening of Analgesic activity on Analgesiometer. 
2. Open field behaviour test. 
1. Ficus lyrata (F. lyrata): 
The leaves of Ficus lyrata were procured from the fort, A.M.U., Aligarh, 
fridia and identified by taxonomist Prof. Wazahat Hussain, Department of Botany, 
A.M.U., Aligarh. 
Preparation of Extracts: 
The air-dried powdered leaves (1 kg) of Ficus lyrata were extracted with 
alcohol and water using Soxhlet apparatus for 72 hours. The extracts were used in 
doses of 200 mg/kg each. 
2. Saussurea sacra (S. s.): 
The flowers of Saussurea sacra (1 kg) procured from the Kashmir Valley and 
identified by taxonomist Prof Wazahat Hussain, Department of Botany, A.M.U., 
Aligarh. 
Preparation of Extracts: 
Dried and powdered flowers of Saussurea sacra (1 kg), procured from the 
Kashmir Valley, were exhaustively extracted by refluxing them separately with 
alcohol and water using Soxhlet apparatus for 72 hours. The extract was used in 
doses of 100 mg/kg aqueous extract and 150 mg/kg alcoholic extract. 
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Screening for analgesic activity: 
Analgesics activity of Ficus lyrata and Saussurea sacra was assessed by 
Analgesiometer test. 
a. Analgesiometer Tests: 
The test was carried out by the tail flick procedure described by D'Amour 
and Smith'^  using Analgesiometer. Rats were selected by preliminary screening. 
Those showing variation of more than one second between two reaction times at 15 
minutes interval, or more than three seconds from the group mean were discarded. 
The time response curve was plotted. Six albino Charles foster rats weighing 150-
200 gm of either sex were placed in restraining holder so that the tail between the 
hole and tail tip or single point 3-5 cm from the tip of tail are directly kept over a 
heated nichrome wire. The reaction due to thermal stimulus in the form of tail-flick 
in normal, untreated rats is adjusted within 5-6 seconds. Since the stimulus capable 
of producing tissue damage is stated to be about twice that required to produce 
pain'^ the system is preset to automatically cut off at 16 seconds, that is, the tails 
were exposed to heat for a maximum of 16- seconds. 
The cutoff time was obtained after requiring the determination of the reaction 
time of each untreated rat at 0, 10, 20 minutes. The reading are averaged and 
multiplied by 1.5, thereby providing an arbitrary cutoff for each rat.'^ 
Tail flick latency was tested before and 2 hours after the drug administration 
at 20 minutes intervals for 3 hours. If the tail-flick reaction time equals or exceeds 
the cut off time a "+" is recorded. Two consecutive trials were taken as positive for 
the agent to be considered analgesic (all-or none response). The percentage response 
will then be the flection of the group failing to react within the cutoff time. 
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Drugs: 
Ficus lyrata alcoholic and aqueous extract was administered in a dose of 
200mg/kg in a suspension using distilled water. Similarly, Saussurea sacra aqueous 
and alcoholic extracts were given in a dose lOOmg/kg and 200mg/kg respectively. 
The test was done in five groups of rats as follows: 
i Test group: (n = 8)-F. lyrata aqueous extract, 200 mg/kg, p.o. 
ii Test group: (n = S)-F. lyrata alcoholic extract 200 mg/kg, p.o. 
iii Test group: (n = S)-S. sacra, aqueous extract, 100 mg/kg, p.o. 
iv Test group: (n = S)-S. sacra, alcoholic extract, 150 mg/kg, p.o. 
Open Field Behavior Test: 
The test was carried out according to the modified method of Martin et al. 
andKulkamiS.K. e/a/.'^ 
Charles foster albino rats of either sex weighing 100-150 gms. were used. 
They are divided into three groups of 6 animals each. The animals of Group 1 and 2 
were given the test drug (aqueous Extract of F. lyrata in a dose of 200mg/kg body 
weight orally and alcoholic Extract of F.lyrata in a dose of 200mg/kg, p.o.), using 
distilled water as the drug vehicle. The animals of Group 3 were given same volume 
of N. Saline by the oral route. 90 minutes later all the animals were individually 
tested in the open field arena. 
The diameter and the height of the open field arena were 80.5 and 37 cm. 
respectively. The floor was divided into various fragments, by lines drawn with 
black paint. The animals were placed individually in the open field arena three times 
for a period of 3 minutes and following parameters were recorded. 
i. Ambulation: The Ambulation was recorded as the number of segments 
crossings, when all the four paws entered new segments. It was counted on 
the figure of the base area of the arena with the segment marking. 
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ii. Rearing: It was scored in the following manner: 
(a) When the animal lifted both forepaws and stood on its hind limbs. It was 
assigned the score of 2. 
(b) When the animal stood on its hind lunbs with one forepaw in the air, 
while the other paw resting against the wall. It was assigned the score of 
1. 
iii. Preening: Whenever the animal preened, i.e. trimmed the whiskers with both 
forepaws. It was assigned the score of 1. 
iv. Sniffing bouts: The frequency of sniffing bouts was coimted. 
V. Defecation coimt: The number of fecal boli excreted was recorded. 
The score for the above parameters in the test and control groups were 
statistically analyzed and compared by Student't' Test. 
Antimicrobial Activity 
The in vitro antibacterial activity was carried out against Escherichia coli, 
Staphylococcus aureus, Salmonella typhimurium, Bacillus subtilis and in vitro 
antifungal activity was carried out against Candida albicans, Fusarium oxysporum, 
Penicillium sp., Aspergillus niger and Trichoderma viridae. The agar well diffusion 
method ' was used. 0.1 ml of diluted inoculum (10 CFU/ml) of test organism was 
spread on Mueller Hinton Agar plates (Hi-Media Pvt. Ltd., Miunbai, India). The 
wells of 8 nrni diameter were pimched into the agar mediimi and filled with 100 ^ 1 
of plant extracts of Img/ml concentration and solvent blank (DMSO) separately. 
The plates were incubated at 37^ C overnight for bacteria and C. albicans and 
28±2 C for tested filamentous fungi for 72 hours or more. The antibiotic 
(Chloramphenicol) and antifungal disc (Nystatin) of 100 meg potency each were 
used in the test system as positive controls. Zone of inhibition of bacterial and fungal 
growth around each well was measured in mm. 
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Study ofF. lyrata for Analgesics activity: 
The normal reaction time of rats on Analgesiometer ranges from 4-5 
seconds. Administration of F. lyrata alcoholic extract in dose of 200 mg/kg, p.o. 
caused an increase in reaction time which started to appear after 120 minutes of drug 
administration reached its peak values in 80 minutes and gradually decline to nearer 
to pre-treated levels in next one hour. (Table 1 and Fig. 1). 
Administration of F. lyrata aqueous extract in dose of 200 mg/kg, p.o. 
caused an increase in reaction time which started to appear after 90 minutes of drug 
administration reached its peak values in next two hours and gradually decline to 
nearer to pre-treated levels in next two hours. The effect of F. lyrata alcoholic and 
aqueous extracts were compared with pentazocine, which was given in a dose of 30 
mg/kg, i.p. It caused a gradual increase in reaction time in 20 minutes reached its 
peak at 100 minutes and gradually declined within next two hours. (Table 1, 2 and 
Fig. 1). 
Study ofS. sacra for Analgesics activity: 
'The aqueous extract at doses lOOmg/kg and alcoholic extract 150 mg/kg in 
albino rats causes gradual increase in reaction time which reached to its maximum 
values in 80 minutes each. The duration of maximum effect in both the doses is 20 
minutes. The effect gradually decline within next 60 minutes in both the doses. 
(Table 3,4 and Fig. 2). 
189 
CHapter-l^ 
Table 1 
Reaction Time in Analgesiometer Test of Ficus lyrata extracts 
Time (Min) 
After drug 
Administration 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
220 
F. lyrata (n=8) 
200mg/kg 
(aqueous Extract 
of Leaves) P.O. 
4.93±0.11 
5.53±0.09 
5.92±0.11 
6.30±0.12 
6.83±0.09 
7.05±0.15 
6.60±0.07 
5.80±0.14 
5.13±0.11 
~ 
~ 
F. lyrata (n=8) 
200mg/kg 
(alcoholicExtract 
of Leaves) P.O 
5.01±0.11 
5.55±0.11 
6.05±0.12 
6.42±0.08 
6.62±0.08 
6.47±0.10 
5.70±0.14 
5.27±0.13 
~ 
~ 
~ 
~ 
Pentazocine (n=8) 
30mg/kg, LP. 
4.41±0.01 
6.29±0.58 
6.50±0.40 
6.96±0.26 
6.88±0.19 
7.01±0.17 
6.87±0.18 
6.73±0.18 
6.38±0.19 
5.95±0.21 
5.05±0.10 
4.37±0.04 
n = 8 
Table 2 
Onset and Offset of Ficus lyrata aqueous and alcoholic extracts of leaves 
Group(n) 
Control(8) 
Standard(8) 
Test(8) 
Treatment 
N. Saline 
Pentazocine 
(30mg/kg) 
F.L. 200 mg/kg 
Aq. Extract 
F.L. 200 mg/kg 
Ale. extract 
Onset 
4.12±0.21 
6.29±0.58** 
(20 min) 
5.53±0.09* 
(20 min) 
5.01±0.11** 
(20 min) 
Peak 
4.23±0.11 
7.01±0.17* 
(100 min) 
7.05±0.15* 
(100 min) 
6.62±0.09* 
(80 min) 
Recovery 
4.02±0.22 
4.37±0.04* 
(220 min) 
5.13±0.11* 
(160 min) 
5.27±0.13* 
(140 min) 
Duration 
OMin 
200 Min 
140 min 
120 min 
*P< 0.001, **P<0.01, •P<0.2 
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Fig. 1 Time Response Curve of aggregate IWean of Reaction 
Time of F. lyrata and Pentazocine on Analgesiometer Test 
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Table 3 
Reaction Time in Analgesiometer Test of Saussurea sacra extracts 
Time (Min) 
After drug 
Administration 
P.O 
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
220 
240 
260 
S. sacra 
(lOOmg/kg 
aqueous Extract 
of Leaves). 
4.46±0.45 
4.78±0.18 
5.16±0.16 
5.34±0.13 
5.48±0.12 
5.38±0.077 
5.25±0.063 
4.94±0.122 
— 
— 
— 
— 
— 
— 
S. sacra 
(ISOmg/kg 
alcoholic Extract 
of Leaves) 
4.38±0.28 
4.95±0.12 
5.16±0.087 
5.95±0.073 
6.09±0.064 
5.99±0.061 
5.36±0.08 
5.20±0.076 
— 
— 
— 
— 
— 
— 
Pentazocine 
30mg/kg, LP. 
4.41±0.01 
6.29±0.58 
6.50±0.40 
6.96±0.26 
6.88±0.19 
7.01±0.17 
6.87±0.18 
6.73±0.18 
6.38±0.19 
5.95±0.21 
5.05±0.10 
4.37±0.04 
— 
— 
n = 8 
Table 4 
Onset and Offset of Saussurea sacra aqueous and alcoholic extracts of leaves 
Group(n) 
Control(8) 
Standard(8) 
Test(8) 
Treatment 
N. Saline 
Pentazocine) 
(30 mg/kg) 
SslOOmg/kg 
aqueous extract 
Ss. 100 mg/kg 
alcoholic 
extract 
Onset 
4.12±0.21 
6.29±0.58** 
(20 min) 
4.78±0.18B 
(20 min) 
4.95±0.12** 
(20 min) 
Peak 
4.23±0.11 
7.01±0.17* 
(100 Min) 
5.48±0.12* 
(80 Min) 
6.09±0.064* 
(80 min) 
Recovery 
4.02±0.22 
4.37±0.04BB 
(220 Min) 
4.94±0.122* 
(140 min) 
5.20±0.076* 
(140 min) 
Duratio 
n 
OMin 
200 Min 
120 min 
120 min 
*p < 0.001, "p < 0.01, " p < 0.2, "p < 0.05 
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Fig. 2 Time response curve of aggregate mean 
of reaction time of Saussurea sacra and Pentazocine 
on analgesiometer. 
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Study of Open Field Behaviour on F. lyrata extracts: 
Albino rats were divided into three groups of six animals each. The animals 
in the test Group 1 and 2 were treated with the aqueous and alcoholic extracts of 
F.L. in dose of 200mg/kg., p.o., in each respectively while the animals in the control 
group were given the same volume of Normal Saline in the same maimer. Ninety 
minutes later, all the animals were tested thrice for a period of three minutes after a 
gap of three minutes each in the open field arena. The study showed mean score of 
11.27 ± 0.30 vs. 8.88 ±0.16 (Table 5A, Fig 3) and 10.77 ±0.18 (Table 6A, Fig 4) 
for ambulation in control, Group 1 and Group 2 respectively. The mean score of 
rearing was 8.39± 0.20 vs. 7.38 ± 0.18 (Table 5B, Fig 3) and 10.44 ± 0.46 (Table 
6B, Fig 4) respectively while the mean score for preening and defecation were 5.77 
± 0.26 vs. 3.88 ± 0.22 (Table 5C, Fig 3), 6.16 ± 0.39 (Table 6C, Fig 4) and 0.33 ± 
0.12 vs. 0.11 ± 0.06 (Table 5D, Fig 3) and 0.16 ± 0.07 (Table 6D, Fig 4) 
respectively. 
Table 5A 
Effect of F. lyrata (aqueous Ext) on Ambulation (No of counts/min) 
in Open Field Test 
S.No 
1 
2 
3 
4 
5 
6 
Control 
11.33 
10.67 
12.67 
11.00 
10.67 
11.33 
Treated 
8.67 
8.33 
9.00 
9.33 
8.67 
9.33 
Mean±S.E 11.27 ±0.30 8.88 ±0.16 
P< 0.001 
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Table 5B 
Effect of F. lyrata (aqueous Ext) on Rearing (no of counts/min) 
in Open Field Test 
S.No 
1 
2 
3 
4 
5 
6 
Mean ± S.E 
Control 
8.67 
8.00 
9.00 
7.67 
8.67 
8.33 
8.39± 0.20 
Treated 
7.67 
7.33 
8.00 
6.67 
7.33 
7.33 
7.38 ±0.18 
P < 0.01 
Table 5C 
Effect of F. lyrata (aqueous ext) on Preening (no of counts/min) 
in Open Field Test 
S.No 
1 
2 
3 
4 
5 
6 
Control 
5.33 
5.00 
6.33 
5.33 
6.00 
6.67 
Treated 
3.33 
3.67 
4.00 
3.33 
4.33 
4.67 
Mean ± S.E 5.77 ± 0.26 3.88 ± 0.22 
P < 0.001 
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Table 5D 
Effect of F. lyrata (aqueous ext) on Defecation (No of counts/min) 
in Open Field Test 
S.No 
1 
2 
3 
4 
5 
6 
Mean±S.E 
Control 
0.67 
0.33 
0.67 
0.00 
0.33 
0.00 
0.33 ±0.12 
Treated 
0.33 
0.00 
0.00 
0.00 
0.33 
0.00 
0.11 ±0.06 
P<0.2 
Table 6A 
Effect of F. lyrata (alcoholic Ext) on ambulation (No of counts/min) 
in Open Field Test 
S. No Control Treated 
i 1233 11.00 
2 11.67 10.67 
3 11.33 10.67 
4 12.00 11.33 
5 11.33 11.00 
6 10.67 10.00 
Mean±S.E 11.55 ±0.23 10.77 ±0.18 
P < 0.05 
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Table 6B 
Effect of F. lyrata (alcoholic ext) on Rearing (No of counts/min) 
in open Field Test 
S.No Control Treated 
i 9^ 00 ILOO 
2 9.33 9.67 
3 8.67 8.67 
4 10.00 11.33 
5 9.67 11.67 
6 8.33 10.33 
Mean±S.E 9.16±0.25 10.44±0.46 
P < 0.05 
Table 6C 
Effect of F. lyrata (alcoholic Ext) on Preening (No of counts/min) 
in Open Field Test 
S.No 
1 
2 
3 
4 
5 
6 
Mean ± S.E 
Control 
6.00 
7.33 
6.67 
7.00 
5.67 
6.33 
6.50 ± 0.25 
Treated 
5.33 
7.00 
7.33 
6.67 
5.00 
5.67 
6.16 ±0.39 
P < 0.05 
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Table 6D 
Effect of F. lyrata (alcoholic ext) on Defecation (No of counts/min) 
in Open Field test 
S.No 
1 
2 
3 
4 
5 
6 
Mean ± S.E 
Control 
0.33 
0.00 
0.66 
0.00 
0.00 
0.33 
0.22±0.11 
Treated 
0.00 
0.33 
0.33 
0.00 
0.33 
0.00 
0.16 ±0.07 
P<0.8 
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Fig. 3 
Bar Diagram showing mean values of different parameters in Open Field test of 
Ficus lyrata aqueous extract 
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Fig. 4 
Bar Diagram showing mean values of different parameters in Open Field test of 
Ficus lyrata alcoholic extract 
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Study of F. lyrata for Analgesic activity: 
The normal reaction time of rats on Analgesiometer ranges from 4-5 
seconds. The oral administration of aqueous and alcoholic extracts of leaves at doses 
200 mg/kg p.o showed significant antinociceptive activity in analgesiometer test. 
The aqueous extract at dose 200 mg/kg in albino rats causes gradual increase in 
reaction time which reached to its maximum values (7.05±0.15) in 100 minutes. The 
duration of maxunum effect was found to be 20 minutes. The effect gradually 
decline within next 60 minutes. The aqueous extract has been found to be more 
potent than the standard drug, but the duration of analgesia (140 min) is less than the 
standard drug (200 min). .The alcoholic extract at doses 200 mg/kg also causes 
gradual increase in reaction time which reached to its maximum values (6.62±0.08) 
in 80 minutes. The duration of maximum effect is 20 mmutes. The effect gradually 
decline within next 60 minutes. The alcoholic drug has been foimd to be more potent 
than the standard drug. The duration of analgesia for 200 mg/kg alcoholic extract is 
less than the standard drug. Both the aqueous and alcoholic extracts show analgesic 
response in dose dependent maimer. The analgesic activity of both aqueous and 
alcoholic extracts adds one more positive attribute to its known medicinal properties 
and hence its use in home remedies as a pain killer may be promoted. 
Study ofS. sacra for Analgesic activity: 
The oral administration of aqueous and alcoholic extract at doses 100 mg/kg 
and 150 mg/kg respectively p.o showed significant antinociceptive activity in 
Analgesiometer test. The aqueous extract at doses lOOmg/kg and alcoholic extract 
150 mg/kg in albino rats causes gradual increase in reaction time which reached to 
its maximum values (5.48±0.12) and (6.09±0.064) in 80 minutes each. The duration 
of maximum effect in both the doses is 20 minutes. The effect gradually decline 
within next 60 minutes in both the doses. Both the doses has been found to be less 
potent than the standard drug The duration of analgesia for lOOmg/kg aqueous 
extract and 150mg/kg alcoholic extract is less than the standard .It was found that 
lOOmg/kg aqueous extract is more potent than the 150 mg/kg alcoholic extract of 5. 
sacra leaves. Both the aqueous and alcoholic extracts show analgesic response in 
dose dependent manner. The aqueous extract at the dose 100 mg/kg and alcoholic 
extract at the 150 mg/kg has been found to be non significant in analgesiometer test. 
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The analgesic activity of aqueous and alcoholic extracts of S. sacra add one more 
positive attribute to its known medicinal properties and hence its use in home 
remedies as a pain killer may be promoted . 
Study of F. lyrata on Open Field Arena: 
Acute administration of F. lyrata aqueous extract in dose 200mg/kg. p.o., 
decreased both vertical or complex stereotype (Rearing) and horizontal or simple 
stereotyped behavior (Ambulation) in rats. The aqueous extract also showed a 
remarkable decreased in preening and defecation score. The involvement of brain 
Dopamine has been shown to play an important role in the complex stereotyped 
behavior while Norepinephrine modulates the simple stereotyped response of rats in 
Open Field situation. Similar results have been reported by earlier workers with 
monoamine oxidase inhibitors (MAOIs) Pargyline and Nialamide. 
Acute administration of F. lyrata alcoholic extract in dose 200mg/kg. p.o., 
increased vertical or complex stereotype (Rearing) and depressed horizontal or 
simple stereotyped behavior (Ambulation) in rats. The alcoholic extract also showed 
a remarkable decreased in preening and defecation score. The involvement of brain 
Dopamine has been shown to play an important role in the complex stereotyped 
behavior while Norepinephrine modulates the simple stereotyped response of rats in 
Open Field situation. Similar results have been reported by earlier workers'^ *^ with 
tricyclic antidepressants Imipramine, Desipramine and Nortriptyline. This increase 
in rearing while decrease in ambulation, preening and defecation suggest the 
affection of brain dopaminergic system by the drug. 
Antimicrobial Activity of F. lyrata and S. sacra extracts: 
The antimicrobial activity of aqueous and alcoholic extracts of Ficus lyrata 
and Saussurea sacra was investigated against bacteria and fungal strains. It may be 
seen that all the extracts exhibited a moderate or high activity against gram positive 
bacteria (Staphylococcus aureus and Bacillus subtilis) and the yeast (Candida 
albicans) (Table 7). 
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F. lyrata aqueous extract showed high activity against S. aureus and 
moderate activity against Bacillus subtilis and yeast Candida albicans. The alcoholic 
extract found moderately active against S. aureus. Bacillus subtilis and yeast C. 
albicans (Table 7). 
Alcoholic extract of S. sacra was found highly active against S. aureus and 
moderately active against Bacillus subtilis. The aqueous extract of Saussurea sacra 
showed moderate activity against Staphylococcus aureus, Bacillus subtilis and yeast 
Candida albicans. 
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Antimicrobial Activity of Some Synthesized Compounds: 
The in vitro antibacterial activity was carried out against E. coli, S. aureus, S. typhi, 
B. subtilis, P. notatum and Candida albicans and in vitro antifungal activity was 
carried out against F. oxysporum, P. notatum, A. niger, and T. viridae. The agar well 
diffusion method^"'^ ' was used as described earlier. 
The compound (XCV) showed high activity against the bacteria Escherichia 
coli^ Salmonella typhimuriuma and Bacillus subtilis and very high activity against 
Penicillium sp.. This compound was also found highly active against fungi 
Fusarium oxysporum, Trichoderma viridae and very highly active against 
Aspergilus niger and Candida albicans (Table 8). 
The compound (XCIV) showed high activity against Candida albicans and 
moderately active against Trichoderma viridae (Table 8). 
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